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WUDEDMR
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Capítulo 1. 
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4XtPLFD6XSUDPROHFXODU
(Q  HO SUHPLR 1REHO GH 4XtPLFD - 0DULH /HKQ GHILQLy OD
química supramolecularFRPRODTXtPLFDGHOHQODFHLQWHUPROHFXODUTXH
HQJORED OD HVWUXFWXUD \ ODV IXQFLRQHV GH HQWLGDGHV IRUPDGDV SRU OD
DVRFLDFLyQGHGRVRPiVHVSHFLHVTXtPLFDV6HSXHGHGHILQLUODquímica 
molecularFRPRODTXtPLFDGHOHQODFHFRYDOHQWHTXHVHFHQWUDHQGHVFXEULU
\GRPLQDUODVUHJODVTXHFRQWURODQODVHVWUXFWXUDVVXVSURSLHGDGHV\ODV
WUDQVIRUPDFLRQHVTXHSXHGHQH[SHULPHQWDUHVWDVHVSHFLHVPROHFXODUHV$
SDUWLUGHODTXtPLFDPROHFXODUVXUJHODTXtPLFDVXSUDPROHFXODUFRPRla 
química más allá de la moléculaRULHQWDGDKDFLDHQWLGDGHVRUJDQL]DGDV
FRQXQHOHYDGRJUDGRGHFRPSOHMLGDGTXHUHVXOWDQGHODDVRFLDFLyQGHGRV
RPiVHVSHFLHVTXtPLFDVXQLGDVDWUDYpVGHHQODFHVQRFRYDOHQWHV(VWDV
QXHYDVHQWLGDGHVVXSUDPROHFXODUHVH[KLEHQSURSLHGDGHVWDQELHQGHILQLGDV
FRPRODVGHODVPROpFXODVTXHODVLQWHJUDQSRUVtPLVPDVMXQWRFRQRWUDV
WRWDOPHQWHQXHYDVILJXUD

)LJXUD)RUPDFLyQGHKHWHURKpOLFHVGREOHVPHGLDQWHHQODFHVGHKLGUyJHQR
HQWUHHOHVWHUGHOHS\UD]ROGLFDUER[LODWR\ODIHQLOHWLODPLQD
(Q XQD HQWLGDG VXSUDPROHFXODU VH SXHGH GLVWLQJXLU GRV HVSHFLHV
GHQRPLQDGDV UHFHSWRU \ VXVWUDWR VLHQGR QRUPDOPHQWH HO VXVWUDWR HO
Introducción. 

FRPSRQHQWHGHPHQRUWDPDxR(VWDWHUPLQRORJtDVXUJHSRUDQDORJtDFRQHO
FRQFHSWRGHUHFHSWRU\VXVWUDWRELROyJLFRGHVDUUROODGRSRU3DXO(KUOLFK
/DV LQWHUDFFLRQHV PROHFXODUHV VRQ GH JUDQ LPSRUWDQFLD \D TXH
IRUPDQ OD EDVH GH SURFHVRV GH HOHYDGD HILFDFLD \ VHOHFWLYLGDG FRPR HO
UHFRQRFLPLHQWRODFDWiOLVLVHOWUDQVSRUWHODUHJXODFLyQHWF\TXHRFXUUHQ
HQODPD\RUSDUWHGHSURFHVRVELROyJLFRVFRPRSRUHMHPSORODXQLyQGHXQ
VXVWUDWR D XQ UHFHSWRU SURWHLFR XQD UHDFFLyQ HQ]LPiWLFD OD DVRFLDFLyQ
LQPXQROyJLFDDQWtJHQRDQWLFXHUSRRODWUDQVFULSFLyQGHOFyGLJRJHQpWLFR
$ODKRUDGHGLVHxDUPROpFXODVUHFHSWRUDVDELyWLFDVDUWLILFLDOHVFDSDFHVGH
PLPHWL]DU HVWRV SURFHVRV HV QHFHVDULR PDQLSXODU FRUUHFWDPHQWH ODV
FDUDFWHUtVWLFDVHQHUJpWLFDV\HVWHUHRTXtPLFDVGHODVIXHU]DVQRFRYDOHQWHV
LQWHUPROHFXODUHV HQODFHV GH KLGUyJHQR IXHU]DV KLGUyIREDV GH9DQ GHU
:DDOVLQWHUDFFLRQHVSHWFGHQWURGHXQDDUTXLWHFWXUDPROHFXODUGHILQLGD

)LJXUD(YROXFLyQGHODTXtPLFDPROHFXODUKDFLDODTXtPLFD
VXSUDPROHFXODU
&XDQGRVHSURGXFHODXQLyQGHXQVXVWUDWRSRUSDUWHGHXQUHFHSWRU
VH IRUPD OD VXSHUPROpFXOD UHFHSWRUVXVWUDWR 6L OD LQWHUDFFLyQ TXH WLHQH
OXJDUHVVHOHFWLYD\GLVFULPLQDXQVXVWUDWRIUHQWHDRWURVVHSXHGHGHFLUTXH
ODVXSHUPROpFXODOOHYDDFDERXQUHFRQRFLPLHQWR6LDGHPiVGHORVSXQWRV
GH XQLyQ HO UHFHSWRU H[KLEH IXQFLRQHV UHDFWLYDV SXHGH SURYRFDU XQD
Capítulo 1. 

WUDQVIRUPDFLyQ TXtPLFD VREUH HO VXVWUDWR TXH VH KD XQLGR SUHYLDPHQWH
FRPSRUWiQGRVHFRPRXQUHDFWLYRVXSUDPROHFXODURFDWDOL]DGRU(QHOFDVR
GH TXH HO UHFHSWRU WHQJD ODV FDUDFWHUtVWLFDV DGHFXDGDV GH OLSRILOLD
FDSDFLGDG GH LQWHUDFFLyQ FLQpWLFD HVWDELOLGDG HWF SXHGH DFWXDU FRPR
WUDQVSRUWDGRU GHO VXVWUDWR D WUDYpV GH PHPEUDQD 7RGDV HVWDV
SRVLELOLGDGHV KDFHQ TXH WDQWR HO UHFRQRFLPLHQWR PROHFXODU FRPR OD
WUDQVIRUPDFLyQRFDWiOLVLV\HOWUDQVSRUWHVHDQODVIXQFLRQHVEiVLFDVGHODV
HVSHFLHV VXSUDPROHFXODUHV 6H SXHGHQ GDU IXQFLRQHV PiV FRPSOHMDV
FXDQGRHQWUDQHQMXHJRYDULDVVXEXQLGDGHVFDSDFHVGHIRUPDUXQLRQHVHQ
XQ FRUHFHSWRU SROLWySLFR IRUPiQGRVH HQVDPEODMHV \ GDQGR OXJDU D
GLIHUHQWHV WLSRV GH DVRFLDFLRQHV FDSDV PHPEUDQDV YHVtFXODV FULVWDOHV
OtTXLGRV HWF (VWD ~OWLPD SRVLELOLGDG GH DXWRHQVDPEODMH MXQWR FRQ ODV
DQWHULRUHV FRPSRQHQ ORV  SLODUHV EiVLFRV SDUD HO GHVDUUROOR GH ORV
GLVSRVLWLYRVPROHFXODUHVILJXUD

5HFRQRFLPLHQWR0ROHFXODU
&RPR VH KD FRPHQWDGR DQWHULRUPHQWH HO FRQFHSWR GH
UHFRQRFLPLHQWR VXUJLy GH OD PDQR GH (PLO )LVFKHU FXDQGR DFXxy HO
FRQFHSWR GH OODYHFHUUDGXUD SDUD H[SOLFDU HO SURFHVR GH UHFRQRFLPLHQWR
HQ]LPiWLFR(QpO VHFRPSDUDHO FHQWURDFWLYRGHXQDHQ]LPDFRQXQD
HVWUXFWXUD ILMD FRQ XQD FHUUDGXUD \ XQD PROpFXOD GH VXVWUDWR FX\D
HVWUXFWXUDHQFDMDSHUIHFWDPHQWHHQODGHOHQ]LPDVHFRPSDUDFRQXQDOODYH
$PEDV PROpFXODV SRVHHQ FRPSOHPHQWDULHGDG JHRPpWULFD HV GHFLU HO
UHFRQRFLPLHQWR WLHQH OXJDU ~QLFDPHQWH FXDQGR ³ODV SLH]DV´ HQFDMDQ
SHUIHFWDPHQWHXQDHQODRWUDFRPRVHSXHGHYHUHQODILJXUD
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
)LJXUD0RGHOR³OODYHFHUUDGXUD´GHVWDFDQGRODFRPSOHPHQWDULHGDG
WRSROyJLFDQHFHVDULDHQHOUHFRQRFLPLHQWRPROHFXODU
8QRVDxRVGHVSXpV'.RVKODQGVXJLULyDOJXQDVPRGLILFDFLRQHVD
HVWH PRGHOR \D TXH D SDUWLU GH ORV HVWXGLRV UHDOL]DGRV VH OOHJy D OD
FRQFOXVLyQTXHODVHQ]LPDVVRQHVWUXFWXUDVIOH[LEOHVTXHSXHGHQFDPELDU
ODFRQIRUPDFLyQHVWUXFWXUDOGHVXFHQWURDFWLYRDOSURGXFLUVHODLQWHUDFFLyQ
FRQ HO VXVWUDWR IRUPDQGR XQ FRPSOHMR HQ]LPDVXVWUDWR 8QD YH] VH KD
SURGXFLGRHOUHFRQRFLPLHQWRHOVXVWUDWRHVWUDQVIRUPDGRHQXQRRYDULRV
SURGXFWRVQXHYRVGHIRUPDTXHSLHUGHVXHVWUXFWXUDRULJLQDO\SRUWDQWR
WHUPLQDVLHQGROLEHUDGDGHOSXQWRGHXQLyQRDQFODMHGHMDQGRDVXYH]OLEUH
DODHQ]LPD(VWHPRGHORVHFRQRFLyFRPRHOPRGHORGHHQFDMHLQGXFLGR
ILJXUD

)LJXUD0RGHORGHHQFDMHLQGXFLGR5HFRQRFLPLHQWRGHOVXVWUDWR(O
UHFHSWRUFDPELDOLJHUDPHQWHGHIRUPDFXDQGRHQWUDHOVXVWUDWRHQHOFHQWUR
DFWLYRKDFLHQGRPiVSUHFLVRHOSURFHVRGHDMXVWH&DWiOLVLVHQ]LPiWLFD\
/LEHUDFLyQGHSURGXFWRV
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3RUWDQWRHOSURFHVRGHUHFRQRFLPLHQWR\DVHDHQWUHXQDHQ]LPD\
XQ VXVWUDWR R HQWUH RWUDV GRV HVSHFLHV FX\D DVRFLDFLyQ QR VXSRQJD XQD
UHDFFLyQ HQ]LPiWLFD QR VH SXHGH H[SOLFDU ~QLFDPHQWH PHGLDQWH XQ
DFRSODPLHQWR HVWpULFR VLQR TXH HQWUDQ HQ MXHJR ODV LQWHUDFFLRQHV
LQWHUPROHFXODUHV GH WLSR QR FRYDOHQWH TXH VRQ OD EDVH GH PXOWLWXG GH
SURFHVRVHVSHFtILFRVFRPRHOHQVDPEODMHGHFRPSOHMRVPXOWLSURWHLFRVOD
WUDQVFULSFLyQ GHO FyGLJR JHQpWLFR OD HQWUDGD GH YLUXV D ODV FpOXODV OD
LQGXFFLyQGHODVHxDOSRUQHXURWUDQVPLVRUHVHWF
7DEOD)XHU]DGHGLIHUHQWHVLQWHUDFFLRQHVRHQODFHVPiVFRPXQHV
7LSRGHLQWHUDFFLyQRHQODFH )XHU]DN-āPRO
(QODFHFRYDOHQWH 
&RXORPE 
(QODFHGHKLGUyJHQR 
,yQGLSROR 
&DWLyQS 5-80
SS 0-50
)XHU]DVGH9DQGHU:DDOV 
(IHFWRVKLGURIyELFRV 'LItFLOGHDVLJQDU
0HWDOOLJDQGR 
(QODFHGHFRRUGLQDFLyQ 

'HELGRDODLPSRUWDQFLDGHHVWDVLQWHUDFFLRQHVVHKDSURGXFLGRXQ
HVWXGLR H[KDXVWLYR GH ODV PLVPDV FHQWUiQGRVH HQ ODV GLIHUHQFLDV TXH
SUHVHQWDQ WDQWR HQ VX IXHU]D FRPR HQ VX QDWXUDOH]D (Q WpUPLQRV
HQHUJpWLFRV ODV LQWHUDFFLRQHV QR FRYDOHQWHV VRQ JHQHUDOPHQWH YDULRV
yUGHQHV GHPDJQLWXGPiV GpELOHV TXH ORV HQODFHV FRYDOHQWHV DVt HVWRV
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HQODFHVQRFRYDOHQWHVYDQGHVGHORVHQODFHVFRRUGLQDWLYRVFRQXQDIXHU]D
GHYDULRVFLHQWRVGHN-āPRODODVLQWHUDFFLRQHVGpELOHVGHYDQGHU:DDOV
TXHUHSUHVHQWDQVyORXQRVSRFRVN-āPROWDOFRPRVHSXHGHYHUHQODWDEOD


&DWiOLVLV
'HQWUR GH OD TXtPLFD VXSUDPROHFXODU XQD GH ODV IXQFLRQHV TXH
SXHGH GHVDUUROODU OD VXSHUPROpFXOD HV OD FDSDFLGDG GH WUDQVIRUPDU
TXtPLFDPHQWH XQ VXVWUDWR 6L ODV PROpFXODV TXH DFW~DQ FRPR UHFHSWRU
WLHQHQ JUXSRV IXQFLRQDOHV DSURSLDGRV MXQWR FRQ SXQWRV GH XQLyQ
HVSHFtILFRV VHUiQ FDSDFHV GH IRUPDU XQ FRPSOHMR FRQ HO VXVWUDWR
UHDFFLRQDUFRQpO\OLEHUDUHVSHFLHVTXtPLFDPHQWHGLIHUHQWHVUHFXSHUDQGR
ODPROpFXODTXHDFW~DFRPR UHFHSWRUSDUDXQ IXWXUR3DUD OOHYDU D FDER
HVWDVWUDQVIRUPDFLRQHVVHSXHGHQGLVWLQJXLUGRVHWDSDVSULQFLSDOHV(QOD
SULPHUD GH HOODV VH SURGXFH XQ SURFHVR GH XQLyQ FRQ HO VXVWUDWR \ D
FRQWLQXDFLyQHQ ODVHJXQGDHWDSDVH OOHYDDFDER OD WUDQVIRUPDFLyQGHO
PLVPR HQ ORV SURGXFWRV (Q DPEDV HWDSDV SDUWLFLSDQ ORV SULQFLSLRV
DVRFLDGRVDOUHFRQRFLPLHQWRPROHFXODU\DTXHHOUHFHSWRUGHEHWHQHUODV
FDUDFWHUtVWLFDV WRSROyJLFDV \ IXQFLRQDOHV DGHFXDGDV SDUD FRPSOHMDU DO
VXVWUDWR\OLEHUDUDORVSURGXFWRV
(OGLVHxRGHHVWRVVLVWHPDVVHSXHGHOOHYDUDFDERGHVGHGLIHUHQWHV
DSUR[LPDFLRQHVILJXUDHQODSULPHUDGHHOODV$HOUHFHSWRUFRQVWD
GHXQSXQWRGHXQLyQ VLWXDGR FHUFDGHO FHQWUR FDWDOtWLFR(Q OD VHJXQGD
DSUR[LPDFLyQ%HOUHFHSWRULQGXFHODUHDFFLyQTXtPLFDVREUHPiVGHXQ
VXVWUDWR FRPSOHMDGR D pO GHPDQHUD VLPXOWiQHD IRUPDQGR XQ FRPSOHMR
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PXOWLPROHFXODU\SRU~OWLPR&H[LVWHODSRVLELOLGDGGHXWLOL]DUODTXtPLFD
VXSUDPROHFXODUSDUDFRQVWUXLUHOSURSLRFHQWURFDWDOtWLFR

)LJXUD$SOLFDFLyQGHODTXtPLFDVXSUDPROHFXODUDODFDWiOLVLV

7UDQVSRUWH
(OWUDQVSRUWHGHVXVWUDWRVRUJiQLFRVHLQRUJiQLFRVUHSUHVHQWDXQDGH
ODVIXQFLRQHVFDUDFWHUtVWLFDVGHODVHVSHFLHVVXSUDPROHFXODUHVMXQWRFRQHO
UHFRQRFLPLHQWR\ODFDWiOLVLV(OGLVHxR\ODVtQWHVLVGHPROpFXODVFDSDFHV
GHUHFRQRFHUVHOHFWLYDPHQWHDXQVXVWUDWR\OOHYDUORDWUDYpVGHXQDEDUUHUD
LPSHUPHDEOH D GLFKR VXVWUDWR HV XQ IHQyPHQR IXQGDPHQWDO HQ PXFKRV
SURFHVRVELROyJLFRV
3ULQFLSDOPHQWHH[LVWHQGRVHVWUDWHJLDVEiVLFDVSDUDTXHVHSURGX]FD
HOIHQyPHQRGHOWUDQVSRUWH(QODILJXUDDVHPXHVWUDXQHVTXHPDGHO
WUDQVSRUWHDWUDYpVGHPHPEUDQDLQGXFLGRSRUPROpFXODVWUDQVSRUWDGRUDV
PLHQWUDVTXHHQODILJXUDEVHSURGXFHJUDFLDVDODH[LVWHQFLDGHFDQDOHV
WUDQVPHPEUDQD
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
)LJXUD3URFHVRVGHWUDQVSRUWHPHGLDQWHPROpFXODVWUDQVSRUWDGRUDVD
FDQDOHVEDUULED\FDQDOHVFRQSXHUWDEDEDMR
(QDPERVFDVRVHOIXQGDPHQWRHVHOPLVPRHOVXVWUDWRQRSXHGH
SDVDU D WUDYpV GH OD PHPEUDQD SRU Vt PLVPR SHUR OD DVRFLDFLyQ R
VXSHUPROpFXODTXHIRUPDFRQHOUHFHSWRUVtTXHSXHGHHQWHQGLHQGRTXHHO
UHFHSWRUHVODPROpFXODWUDQVSRUWDGRUDHQHOSULPHUFDVR\HOFDQDOHQHO
VHJXQGR6LHOSURFHVRHVPHGLDQWHXQLRQyIRURHOSURFHVRJOREDOFRQVLVWH
HQ XQ FLFOR FRQ FXDWUR HWDSDV L 6H SURGXFH HO UHFRQRFLPLHQWR HQWUH HO
VXVWUDWR\HOWUDQVSRUWDGRULL(OFRPSOHMRIRUPDGRHVGLIXQGLGRDWUDYpV
GH OD PHPEUDQD LLL 6H SURGXFH OD GLVRFLDFLyQ GHO FRPSOHMR \ LY (O
WUDQVSRUWDGRUVHUHWURGLIXQGHDVXSRVLFLyQRULJLQDO

'LVHxRGH5HFHSWRUHV0ROHFXODUHV
'HPDQHUDJHQHUDOVHSXHGHFRQVLGHUDUTXHODTXtPLFDTXHURGHDD
ODVPROpFXODVUHFHSWRUDVDUWLILFLDOHVHVXQDTXtPLFDGHFRRUGLQDFLyQTXH
QRVHOLPLWDDORVPHWDOHVGHWUDQVLFLyQVLQRTXHSRUHOFRQWUDULRDEDUFD
WRGR WLSR GH VXVWUDWRV HVSHFLHV FDWLyQLFDV DQLyQLFDV R QHXWUDV GH
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QDWXUDOH]D RUJiQLFD LQRUJiQLFD R ELROyJLFD 3DUD FRQVHJXLU OD PD\RU
VHOHFWLYLGDGKDFLDXQVXVWUDWRGHWHUPLQDGRHOUHFHSWRUGHEHVHUFDSD]GH
RUJDQL]DU WRGRV VXV SXQWRV GH XQLyQ GH PDQHUD FRPSOHPHQWDULD D ODV
FDUDFWHUtVWLFDVHVWUXFWXUDOHVGHOVXVWUDWR3RUHOORDODKRUDGHGLVHxDUXQ
UHFHSWRUSDUDXQVXVWUDWRH[LVWHQGRVSXQWRVGHSDUWLGDUHSUHVHQWDGRVHQ
ODILJXUDTXHVHEDVDQSULQFLSDOPHQWHHQHOJUDGRGHDGDSWDELOLGDGR
ULJLGH]GHODHVWUXFWXUDGHOUHFHSWRU

(VWUXFWXUDILMD(VWUXFWXUDIOH[LEOH
)LJXUD&RQFHSWRVRSXHVWRVHQHOGLVHxRGHUHFHSWRUHVHVWUXFWXUDVILMDV
IUHQWHDIOH[LEOHV
(Q SULQFLSLR SDUD DOFDQ]DU XQ DOWR JUDGR GH UHFRQRFLPLHQWR HV
QHFHVDULRTXHH[LVWDXQDFRPSOHPHQWDULHGDGHVSDFLDO\TXtPLFDHQWUHHO
UHFHSWRU\HOVXVWUDWRHVGHFLUHOUHFHSWRUGHEHFRQRFHUODIRUPDHOWDPDxR
\ OD QDWXUDOH]D TXtPLFD GHO VXVWUDWR SDUD SRGHU UHFRQRFHUOR HQWUH XQ
FRQMXQWRGHPROpFXODV(QJHQHUDOVHGHEHQWHQHUHQFXHQWDYDULRVIDFWRUHV
DODKRUDGHGLVHxDUHOUHFHSWRU
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Complementariedad estérica IRUPD\WDPDxRHQWUHUHFHSWRU\
VXVWUDWR (VWR LPSOLFD OD H[LVWHQFLD GH GRPLQLRV FyQFDYRV \ FRQYH[RV
FRPSOHPHQWDULRVHQWUHDPEDVHVSHFLHV
 Complementariedad química OD HVWUXFWXUD GHO UHFHSWRU GHEH
FRQWHQHUOXJDUHVGHLQWHUDFFLyQFRPSOHPHQWDULRVFRQHOVXVWUDWRFRORFDGRV
DGHFXDGDPHQWHHQWUHDPEDVHVSHFLHVGHPRGRTXHSHUPLWDQ
DEnlaces de hidrógeno HQWUHFHQWURVEiVLFRV\iFLGRV
E Atracción electrostática HQWUH FHQWURV DQLyQLFRV \ FDWLyQLFRV
HQWUHGLSRORVRHQWUHGLSRORV\FDUJDV
F Interacciones de apilamiento aromático HQWUH UHVLGXRV
DURPiWLFRV GHO UHFHSWRU \ UHJLRQHV GHVORFDOL]DGDV R DURPiWLFDV GHO
VXVWUDWR
Atracciones de Van der Waals TXHGHULYDQGHODLQWHUDFFLyQGHXQD
QXEHHOHFWUyQLFDSRODUL]DGDSRUQ~FOHRVDG\DFHQWHV

(Q UHVXPHQ OD FRPSOHPHQWDULHGDG HQWUH HO UHFHSWRU\ HO VXVWUDWR
GHSHQGH IXQGDPHQWDOPHQWH GH OD DUTXLWHFWXUD WULGLPHQVLRQDO GH ODV
PROpFXODV ODFXDOGHEHSHUPLWLU ODRUJDQL]DFLyQGH ORVSXQWRVGHXQLyQ
SDUDODLQWHUDFFLyQ3RUORWDQWRHVFRQYHQLHQWHTXHWDQWRHOVXVWUDWRFRPR
HO UHFHSWRU FRPSDUWDQXQDJUDQ iUHDGH FRQWDFWR HQWUH HOORV SDUDSRGHU
GHVDUUROODUHOPD\RUQ~PHURGHLQWHUDFFLRQHVQRFRYDOHQWHV
&RQ HVWD LGHD VH KDQ GLVHxDGR QXPHURVRV UHFHSWRUHV FDSDFHV GH
HQFDSVXODUDOVXVWUDWRIRUPDQGRXQJUDQQ~PHURGHXQLRQHVFRQpODOVHU
FDSD]GH³GHWHFWDU´VXWDPDxRPROHFXODUVXIRUPDHLQFOXVRVXHVWUXFWXUD
HOHFWUyQLFD (Q HVWH JUXSR VH LQFOX\H D ODV PROpFXODV UHFHSWRUDV TXH
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FRQWLHQHQFDYLGDGHVLQWUDPROHFXODUHVHQODVTXHHOVXVWUDWRSXHGHHQFDMDUVH
IRUPDQGR XQ FRPSOHMR GH LQFOXVLyQ FRQRFLGR FRPR FULSWDWR(Q HVWD
FODVH GH UHFHSWRUHV FyQFDYRV ORV SXQWRV GH XQLyQ VH HQFXHQWUDQ
GLVWULEXLGRVKDFLDHOLQWHULRUGHODFDYLGDGGRQGHVHVLWXDUiHOVXVWUDWRGH
DKt TXH WDPELpQ UHFLEDQ HO QRPEUH GH HQGRUHFHSWRUHV 6HJ~Q HVWDV
GLUHFWULFHVODVHVWUXFWXUDVPDFURSROLFtFOLFDVILJL]TXLHUGDFXPSOHQ
ORVUHTXLVLWRVGHXQEXHQUHFHSWRUDUWLILFLDOVRQHVWUXFWXUDVUHODWLYDPHQWH
JUDQGHVTXHSXHGHQFRQWHQHUFDYLGDGHV\KHQGLGXUDVGHXQWDPDxR\IRUPD
DSURSLDGRV DGHPiVSXHGHQSRVHHUQXPHURVDV UDPLILFDFLRQHVSXHQWHV\
FRQH[LRQHVTXHSHUPLWHQODGLVWULEXFLyQDGHFXDGDGHJUXSRVHVWUXFWXUDOHV
SXQWRVGHXQLyQ\IXQFLRQHVUHDFWLYDV3XHGHSDUHFHUTXHHVWDHVWUDWHJLDHV
ODPiV HILFD] VLQ HPEDUJR HVPX\ LPSRUWDQWHPDQWHQHU FLHUWR EDODQFH
HQWUHULJLGH]\IOH[LELOLGDG3RUXQODGRHOGLVHxRGHUHFHSWRUHVFRQXQD
HVWUXFWXUDRUJDQL]DGDSURSRUFLRQDXQHOHYDGRJUDGRGHUHFRQRFLPLHQWR\R
VHOHFWLYLGDG \D TXH OD SUHRUJDQL]DFLyQ UHGXFH HO JDVWR HQWUySLFR
UHODFLRQDGR FRQ OD DVRFLDFLyQ\ DOPLVPR WLHPSR HO KHFKR GH TXH HO
UHFHSWRU QR WHQJD TXH VXIULU QLQJ~Q FDPELR FRQIRUPDFLRQDO VXSRQH XQ
DKRUURGHHQHUJtD6LQHPEDUJRQRKD\TXHROYLGDUTXHODQHFHVLGDGGH
VLWXDU ORV SXQWRV GH XQLyQ VLJXLHQGR XQD GHWHUPLQDGD WRSRORJtD \
RULHQWDFLyQVXSRQHXQJUDQUHWRVLQWpWLFRHQHVSHFLDOSDUDVXVWUDWRVGHJUDQ
WDPDxR/DFRQYHUJHQFLDGHXQSXQWRGHXQLyQHQHOUHFHSWRUKDFLDHOSXQWR
FRPSOHPHQWDULR HQ HO VXVWUDWR LPSOLFD OD FRQVWUXFFLyQ GH HVWUXFWXUDV
PDFURSROLFtFOLFDVTXHVRQGLItFLOHVGHVLQWHWL]DURLQFOXVRPRGLILFDUVLHO
SULPHU GLVHxR UHVXOWD QR VHU ySWLPR 0iV D~Q HVTXHOHWRV PROHFXODUHV
UtJLGRVVXIUHQHOULHVJRGHFLQpWLFDVGHLQWHUFDPELROHQWDVORTXHQRHVGHO
WRGR GHVHDEOH VL VH EXVFD XQD DSOLFDFLyQ HQ SURFHVRV GH LQWHUFDPELR
UHJXODFLyQFRRSHUDWLYLGDG\DORVWHULVPR\DTXHUHTXLHUHQFLHUWRJUDGRGH
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IOH[LELOLGDG HQ OD HVWUXFWXUD GHO UHFHSWRU SDUD TXH SXHGD DGDSWDUVH \
UHVSRQGHUDORVFDPELRVTXHVHSURGXFHQHQVXHQWRUQR
3RU HOOR XQD DOWHUQDWLYD D ODV PROpFXODV WLSR FULSWDWR VRQ ORV
UHFHSWRUHVGHFDGHQDDELHUWDHQORVTXHODPROpFXODWLHQHTXHUHRUJDQL]DUVH
HVSDFLDOPHQWH SDUD SRGHU VLWXDU ORV SXQWRV GH XQLyQ GH ODPDQHUDPiV
FRQYHQLHQWHVHJ~QODVFDUDFWHUtVWLFDVGHOVXVWUDWRILJXUDGHUHFKD6L
FRPSDUDPRV GRV UHFHSWRUHV FDGD XQR VLJXLHQGR XQD GH ODV GRV
DSUR[LPDFLRQHV FRQ HO PLVPR WLSR \ Q~PHUR GH SXQWRV GH XQLyQ HV
SUREDEOHTXHHOUHFHSWRUDFtFOLFRPXHVWUHVHOHFWLYLGDGHVLQIHULRUHVIUHQWHD
XQJUXSRGHVXVWUDWRV\DTXHSDUWHGHODHQHUJtDLQWUtQVHFDGHLQWHUDFFLyQ
ODLQYLHUWHHQRUJDQL]DUVHWULGLPHQVLRQDOPHQWHDOUHGHGRUGHOVXVWUDWR
6LQ HPEDUJR \ D SHVDU GH HVWH UHTXHULPLHQWR HQHUJpWLFR ORV
UHFHSWRUHVDUWLILFLDOHVGHFDGHQDDELHUWDPDQWLHQHQDOJXQDYHQWDMDIUHQWHD
ORV GH HVWUXFWXUD PDFURFtFOLFD 1RUPDOPHQWH OD VtQWHVLV \ OD SRVWHULRU
PRGLILFDFLyQ HV PiV VHQFLOOD DFRUWDPLHQWR R H[WHQVLyQ GH OD FDGHQD
DOWHUDFLyQGHODVHFXHQFLDGHORVJUXSRVGHXQLyQHWF\VRQFDSDFHVGH
RUJDQL]DUVHKDVWDDGTXLULUXQDHVWUXFWXUDySWLPDSDUDHOUHFRQRFLPLHQWRGHO
VXVWUDWRWDO\FRPRORKDFHQDOJXQRVVLVWHPDVELROyJLFRVFRPRSURWHtQDV
iFLGRV QXFOpLFRV SROLVDFiULGRV HWF 7RGRV HOORV WLHQHQ XQD HVWUXFWXUD
OLQHDO\VRQFDSDFHVGHRUJDQL]DUVHKDVWDDGTXLULUXQDHVWUXFWXUDWHUFLDULD
SRUSOHJDPLHQWRGHVXHVTXHOHWR
6HSXHGHGHFLUSRUWDQWRTXHHOSURFHVRGHUHFRQRFLPLHQWRLPSOLFD
FRQVHJXLUXQDFRPSOHPHQWDULHGDGWDQWRJHRPpWULFDFRPRHOHFWUyQLFDHQWUH
ODVSDUWHVLPSOLFDGDV8QDOWRJUDGRGHUHFRQRFLPLHQWRSRUSDUWHGHXQ
UHFHSWRU VXSRQGUi WHQHUJUDQGHVGLIHUHQFLDV HQWUH ODV HQHUJtDV OLEUHVGH
HQODFHSDUDXQGHWHUPLQDGRVXVWUDWRIUHQWHDOUHVWRFRQHOILQGHDOFDQ]DU
HOHYDGDVGLIHUHQFLDVHQDILQLGDGSRUHOVXVWUDWR
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3RU~OWLPRVHGHEHWHQHUHQFXHQWDHOSDSHOTXHMXHJDHOPHGLRHQ
HOSURFHVRGHUHFRQRFLPLHQWR\DTXHHOGLVROYHQWHSXHGHLQWHUDFFLRQDUDVX
YH]FRQHOVXVWUDWR\HO UHFHSWRU(QFXDOTXLHUFDVRHOGLVROYHQWHSXHGH
DIHFWDUD ODHVWDELOLGDGGHOFRPSOHMRKDVWD WDOSXQWRTXH ODFRQVWDQWHGH
DVRFLDFLyQ SXHGH FDPELDU YDULRV yUGHQHV GHPDJQLWXG GHSHQGLHQGR GHO
WLSRGHGLVROYHQWH3RUHOORHOFDPELRHQHOGLVROYHQWHGHWUDEDMRVHGHEHU
WHQHUHQFXHQWDHQHOGLVHxRGHOUHFHSWRULQWHQWDQGRTXHWHQJDGRPLQLRV
KLGURIyELFRVKLGURItOLFRV FRQFRUGDQWHV FRQ HO VXVWUDWR VROXELOLGDGHV
FRQFRUGDQWHV6LQHPEDUJRVLORTXHVHSUHWHQGHHVFRQVWUXLUHOUHFHSWRU
PiVVRILVWLFDGR\HVSHFtILFRSDUDVHxDOL]DUODSUHVHQFLDGHXQVXVWUDWRpVWH
GHEH VHU FDSD] GH FRPXQLFDU DO RSHUDGRU H[WHUQR TXH OD LQWHUDFFLyQ
UHFHSWRUVXVWUDWRKDWHQLGROXJDU\TXHHOUHFRQRFLPLHQWRVHKDSURGXFLGR
3DUDKDFHUHVWRSRVLEOHHVQHFHVDULRDxDGLUDODHVWUXFWXUDGHOUHFHSWRUXQD
VXEXQLGDG PROHFXODU TXH PXHVWUH XQD SURSLHGDG SHUFHSWLEOH \ ELHQ
GHILQLGD (Q SDUWLFXODU GLFKD SURSLHGDG R SDUD VHU PiV SUHFLVRV OD
FDQWLGDG TXH H[SUHVD OD SURSLHGDG GHEH FDPELDU GUiVWLFDPHQWH FRPR
FRQVHFXHQFLDGHODLQWHUDFFLyQUHFHSWRUVXVWUDWR\HVWHFRQMXQWRRVLVWHPD
ILQDOFRPSRQHORTXHVHFRQRFHFRPRTXLPLRVHQVRU8QDGHODVWpFQLFDV
PiVXWLOL]DGDVHQHVWD7HVLVHVODHVSHFWURVFRStDGHIOXRUHVFHQFLDHQHVWDGR
HVWDFLRQDULRSRU ORTXHDFRQWLQXDFLyQVHH[SRQHQGH IRUPDEUHYH ORV
SULQFLSLRVJHQHUDOHV\ODLQIRUPDFLyQTXHGHHOODVHSXHGHREWHQHU

 
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/XPLQLVFHQFLD
&XDQGRODOX]LQWHUDFFLRQDFRQODPDWHULDORSXHGHKDFHUGHPDQHUD
TXH VH GHQ GLIHUHQWHV SURFHVRV WDOHV FRPR OD UHIOH[LyQ OD GLIXVLyQ R OD
DEVRUFLyQ ILJXUD  /D OX] DEVRUELGD SRU ODV PROpFXODV SXHGH VHU
HPLWLGDDWUDYpVGHSURFHVRVOXPLQLVFHQWHVRPHGLDQWHSURFHVRVDWUDYpVGH
ORV FXDOHV OD PROpFXOD YXHOYH D VX HVWDGR LQLFLDO VLQ TXH VH SURGX]FD
HPLVLyQGHUDGLDFLyQ

)LJXUD3RVLFLyQGHOIHQyPHQRGHODIOXRUHVFHQFLDGHQWURGHODLQWHUDFFLyQ
OX]PDWHULD
'HPDQHUDPX\VHQFLOODODOXPLQLVFHQFLDHVHOSURFHVRSRUHOTXH
VH HPLWH OX] /D HPLVLyQ OXPLQLVFHQWH RFXUUH FRPR UHVXOWDGR GH XQD
WUDQVLFLyQHOHFWUyQLFDUDGLDWLYDHQODTXHXQHOHFWUyQSDVDGHXQQLYHOGH
PD\RUHQHUJtDDXQRPiVEDMR\ODGLIHUHQFLDHQHQHUJtDHQWUHHVWRVGRV
QLYHOHVHVHPLWLGDHQIRUPDGHXQIRWyQ3HURSDUDTXHHVWHSURFHVRSXHGD
WHQHUOXJDUSUHYLDPHQWHDODHPLVLyQHOHOHFWUyQHVH[FLWDGRDXQQLYHOGH
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HQHUJtD PD\RU SRU DOJ~QPpWRGR GH H[FLWDFLyQ SRU HMHPSOR UDGLDFLyQ
HOHFWURPDJQpWLFD([LVWHQGLVWLQWRVIHQyPHQRVGHOXPLQLVFHQFLDORVFXDOHV
UHFLEHQQRPEUHGHSHQGLHQGRGHOWLSRGHH[FLWDFLyQSRUHOTXHVHDEVRUEH
HQHUJtD$OJXQRVHMHPSORVVRQODELROXPLQLVFHQFLDH[FLWDQGRSRUPHGLR
GH UHDFFLRQHV ELRTXtPLFDV FDWRGROXPLQLVFHQFLD SRU UD\RV FDWyGLFRV
TXLPLROXPLQLVFHQFLDSRUUHDFFLRQHVTXtPLFDVHOHFWUROXPLQLVFHQFLDSRU
XQFDPSRHOpFWULFRSLH]ROXPLQLVFHQFLDSRUSUHVLyQUDGLROXPLQLVFHQFLD
SRUUDGLDFLyQLRQL]DQWHRODIRWROXPLQLVFHQFLDSRUPHGLRGHOX]YLVLEOH
RXOWUDYLROHWD
'HQWUR GHO HVSHFWUR HOHFWURPDJQpWLFR ILJXUD  OD UHJLyQ
XOWUDYLROHWDYLVLEOH899LVHVODTXHUHVXOWDGHLQWHUpVSDUDHVWHWUDEDMR
GHLQYHVWLJDFLyQTXHFRUUHVSRQGHDORQJLWXGHVGHRQGDHQWUHORVQP\
ORVQP6HFRQRFHTXH OD OX] R UDGLDFLyQHOHFWURPDJQpWLFDTXHHV
DEVRUELGD SRU ODV PROpFXODV SUHVHQWD WDQWR SURSLHGDGHV FRUSXVFXODUHV
FRPRRQGXODWRULDVGXDOLGDGRQGDFRUS~VFXOR(OFRPSRUWDPLHQWRGHOD
UDGLDFLyQ HOHFWURPDJQpWLFD GHSHQGH GH VX ORQJLWXG GH RQGD GH VX
IUHFXHQFLDLQYHUVDPHQWHSURSRUFLRQDOHV\GHVXDPSOLWXG

)LJXUD'LEXMRGHXQHVSHFWURHOHFWURPDJQpWLFR
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%iVLFDPHQWHODVRQGDVHOHFWURPDJQpWLFDVHVWiQFRPSXHVWDVSRUXQ
FDPSRHOpFWULFR(\XQFDPSRPDJQpWLFR%SHUSHQGLFXODUDpVWHTXH
RVFLODHQIDVHVHJ~QODGLUHFFLyQGHSURSDJDFLyQNILJXUD/DOX]
VHFRPSRUWDFRPRXQDRQGDHQIHQyPHQRV WDOHVFRPROD UHIUDFFLyQTXH
WLHQHOXJDUHQXQDOHQWHRHQODFDQFHODFLyQSRULQWHUIHUHQFLDGHVWUXFWLYD
GHRQGDVUHIOHMDGDV

)LJXUD2QGDVHOHFWURPDJQpWLFDVUHSUHVHQWDGDVFRPRFDPSRVHOpFWULFRV\
PDJQpWLFRVRVFLODWRULRVT\TUHSUHVHQWDQODVFDUJDVHOpFWULFDV
3HUR DGHPiV OD UDGLDFLyQ HOHFWURPDJQpWLFD WLHQH SURSLHGDGHV GH
SDUWtFXOD TXH VH PDQLILHVWDQ FRPR XQLGDGHV R SDTXHWHV GH HQHUJtD
OODPDGRVIRWRQHV(QItVLFDPRGHUQDHOIRWyQHQJULHJRĳ૵ȢĳȦĲȩȢ>OX]@
\ yQ HV OD SDUWtFXOD HOHPHQWDO UHVSRQVDEOH GH ODV PDQLIHVWDFLRQHV
FXiQWLFDVGHOIHQyPHQRHOHFWURPDJQpWLFR6HSXHGHGHFLUTXHXQIRWyQHV
ODSDUWtFXODSRUWDGRUDGHWRGDVODVIRUPDVGHUDGLDFLyQTXHDSDUHFHQHQHO
HVSHFWURHOHFWURPDJQpWLFRILJXUDLQFOX\HQGRDORVUD\RVJDPPDORV
UD\RV;ODOX]XOWUDYLROHWDODOX]YLVLEOHODOX]LQIUDUURMDODVPLFURRQGDV
\ODVRQGDVGHUDGLR
6HSXHGHFDOFXODUODHQHUJtDGHXQIRWyQEDSDUWLUGHODHFXDFLyQ
GH3ODQFN(LQVWHLQHFXDFLyQGRQGHhHVODFRQVWDQWHGH3ODQFN\vHV
ODIUHFXHQFLDGHVXRQGDHOHFWURPDJQpWLFDDVRFLDGD0HGLDQWHHOHPSOHR
GHHVWHPRGHORVHSXHGHH[SOLFDUORVHVSHFWURVGHDEVRUFLyQ\HPLVLyQGH
OX]WDQWRGHiWRPRVFRPRGHPROpFXODV
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

7LSRVGHWUDQVLFLRQHVHOHFWUyQLFDVHQPROpFXODVSROLDWyPLFDV
3DUDHQWHQGHUORVHIHFWRVPDFURVFySLFRVGHODDEVRUFLyQGHXQIRWyQ
SRUXQDPROpFXODHVQHFHVDULRH[SOLFDUSULPHURORVSURFHVRVTXHWLHQHQ
OXJDUDQLYHOPLFURVFySLFR/DVPROpFXODVVHSXHGHQGHILQLUFRPRVLVWHPDV
SROLHOHFWUyQLFRV SDUD ORV TXH OD HFXDFLyQ GH 6FKU|GLQJHU QR SXHGH VHU
UHVXHOWDGHIRUPDH[DFWDSRUORTXHODVIXQFLRQHVGHRQGDHOHFWUyQLFDȌ
VH SXHGHQ GHVFULELU GH IRUPD DSUR[LPDGD PHGLDQWH HO SURGXFWR GH
IXQFLRQHVGHRQGDPRQRHOHFWUyQLFDVȆLĳLڄVLFRQVWLWXLGDVDVXYH]SRUHO
SURGXFWRGHXQDSDUWHRUELWDOĳL\RWUDFRUUHVSRQGLHQWHDOHVStQVL'H
HVWDIRUPDWRGRVORVHOHFWURQHVGHODPROpFXODVHFRORFDQHQORVGLIHUHQWHV
RUELWDOHVPROHFXODUHVGLVSRQLEOHVFXPSOLHQGRHOSULQFLSLRGH([FOXVLyQGH
3DXOLQJ\ODUHJODGHPi[LPDPXOWLSOLFLGDGGH+XQGSDUDSRGHUGHILQLUXQD
FRQILJXUDFLyQHOHFWUyQLFDFRQFUHWDTXHVHGHQRPLQDestado fundamental
&XDQGR XQ HOHFWUyQ VH SURPRFLRQD D XQ RUELWDO GHVRFXSDGR GH PD\RU
HQHUJtDPHGLDQWHODDEVRUFLyQGHXQIRWyQVHGLFHTXHKDWHQLGROXJDUXQD
WUDQVLFLyQ HOHFWUyQLFD \ TXH OD PROpFXOD VH HQFXHQWUD HQ XQ estado 
excitado
([LVWHQ GLIHUHQWHV WLSRV GH RUELWDOHVPROHFXODUHV VHJ~Q HO WLSRGH
RUELWDOHVDWyPLFRVLPSOLFDGRV$VtVHSXHGHQGLVWLQJXLUORVRUELWDOHVVLJPD
VORVRUELWDOHVSLS\ORVRUELWDOHVQRHQOD]DQWHVQ(QODILJXUD
VHPXHVWUDHOGLDJUDPDGHHQHUJtDGHORVRUELWDOHVPROHFXODUHVL]TXLHUGD
\ ODV SRVLEOHV WUDQVLFLRQHV HOHFWUyQLFDV TXH SXHGHQ RFXUULU HQWUH HOORV
GHUHFKDSDUDHOFDVRGHOIRUPDOGHKLGR/DVHQHUJtDVGHHVWDVWUDQVLFLRQHV
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HOHFWUyQLFDV VLJXHQ JHQHUDOPHQWH HO VLJXLHQWH RUGHQ
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
)LJXUD1LYHOHVGHHQHUJtDGHORVRUELWDOHVPROHFXODUHVGHOIRUPDOGHKLGR\
ODVSRVLEOHVWUDQVLFLRQHVHOHFWUyQLFDV
(QODHVSHFWURVFRStDGHDEVRUFLyQ\GHHPLVLyQGHIOXRUHVFHQFLDORV
RUELWDOHVPROHFXODUHVTXHVLHPSUHVHHQFXHQWUDQLPSOLFDGRV\SRUORWDQWR
ORVPiV LPSRUWDQWHVSDUD QRVRWURV VRQ HO RUELWDOPROHFXODU RFXSDGRGH
PD\RUHQHUJtDHighest Occupied Molecular Orbital+202\HORUELWDO
PROHFXODU YDFLR GH PHQRU HQHUJtD Lowest Unnoccupied Molecular 
Orbital/802&XDQGRXQRGHORVGRVHOHFWURQHVSUHVHQWHVHQXQRUELWDO
PROHFXODUGHXQDPROpFXODHQHOHVWDGRIXQGDPHQWDOHV WUDQVIHULGRDXQ
RUELWDOPROHFXODUGHPD\RUHQHUJtDVXVSLQQRVHYHPRGLILFDGRSRU OR
TXHHOQ~PHURFXiQWLFRWRWDOGHVSLQ6 6VLFRQVL ଵଶSHUPDQHFHLJXDO
DFHUR(QHVWRVFDVRVODPXOWLSOLFLGDGGHOHVWDGRIXQGDPHQWDO\GHOHVWDGR
H[FLWDGR0 6HV LJXDOD ODXQLGDGSRU ORTXHDPERVVH OODPDQ
HVWDGRVVLQJOHWH\VHUHSUHVHQWDQPHGLDQWH6Q6LQHPEDUJRH[LVWHQFDVRV
HQORVTXHXQDPROpFXODTXHVHHQFXHQWUDHQXQHVWDGRH[FLWDGRVLQJOHWH
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SXHGHHYROXFLRQDUDXQHVWDGRGRQGHHOHOHFWUyQFDPELDVXVSLQ(QHVWRV
FDVRVHOQ~PHURFXiQWLFRWRWDOGHVSLQ6HVORVGRVHOHFWURQHVWLHQHQVSLQ
SDUDOHORSRUORTXHODPXOWLSOLFLGDGHVLJXDOD'DGRTXHDKRUDVHWLHQHQ
HVWDGRVFRQHOPLVPRQLYHOGHHQHUJtDVHGLFHTXHWHQHPRVXQHVWDGR
WULSOHWH UHSUHVHQWDGR SRU 7Q (Q OD ILJXUD  VH PXHVWUD GH PDQHUD
HVTXHPiWLFDHVWDVLWXDFLyQSDUDHOFDVRJHQHUDOL]TXLHUGD\SDUDHOFDVR
GH OD PROpFXOD GH IRUPDOGHKLGR GHUHFKD 6HJ~Q OD UHJOD GH Pi[LPD
PXOWLSOLFLGDGGH+XQGHOHVWDGRWULSOHWHWLHQHXQQLYHOGHHQHUJtDLQIHULRU
TXHHOHVWDGRVLQJOHWHFRQODPLVPDFRQILJXUDFLyQ

)LJXUD'LIHUHQFLDVHQWUHORVHVWDGRVVLQJOHWH\WULSOHWHL]TGDSDUDXQ
FDVRJHQHUDO\SDUDODPRORpFXODGHIRUPDOGHKLGRGUFKD
 
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&DUDFWHUtVWLFDVGHODHPLVLyQGHIOXRUHVFHQFLD
8QD YH] FRQRFLGD OD GLVWULEXFLyQ HQHUJpWLFD GH ORV RUELWDOHV
PROHFXODUHV OD SULPHUD HWDSD HQ FXDOTXLHU SURFHVR IRWRTXtPLFR HV OD
DEVRUFLyQGHXQIRWyQGHHQHUJtDKQSRUXQDPROpFXODTXHSDVDGHXQHVWDGR
IXQGDPHQWDO$DXQHVWDGRHQHUJpWLFRVXSHULRULQHVWDEOHOODPDGRHVWDGR
H[FLWDGR$6HJ~QODVUHJODVGHVHOHFFLyQODVWUDQVLFLRQHVGHVGHHVWDGRV
IXQGDPHQWDOHVDHVWDGRVH[FLWDGRVTXHWLHQHQODPLVPDPXOWLSOLFLGDGHVWiQ
SHUPLWLGDV\SURSRUFLRQDQEDQGDVGHDEVRUFLyQLQWHQVDVPLHQWUDVTXHODV
WUDQVLFLRQHVHQWUHHVWDGRVGHGLIHUHQWHHVStQHVWiQSURKLELGDV$ODKRUDGH
HYDOXDU OD PD\RUtD GH SURFHVRV IRWRTXtPLFRV ORV HVWDGRV HOHFWUyQLFRV
LQYROXFUDGRVVRQSULQFLSDOPHQWHWUHVHOHVWDGRIXQGDPHQWDOVLQJOHWH\ORV
SULPHURVHVWDGRVH[FLWDGRVVLQJOHWH\WULSOHWHTXHVHFDUDFWHUL]DQSRUVX
HQHUJtDWLHPSRGHYLGD\HVWUXFWXUD
&XDQGR HO HOHFWUyQ VH KD SURPRFLRQDGR D XQ QLYHO HQHUJpWLFR
VXSHULRUODPROpFXODVHHQFXHQWUDHQXQHVWDGRH[FLWDGR$LQHVWDEOHSRU
OR TXH GHEH EXVFDU XQ PHFDQLVPR SDUD SHUGHU VX H[FHVR GH HQHUJtD \
UHVWDEOHFHU HO HVWDGR IXQGDPHQWDO RULJLQDO (VWH SURFHVR SXHGH RFXUULU
PHGLDQWH GHVSUHQGLPLHQWR GH HQHUJtD HQ IRUPD GH FDORU GHQRPLQDGR
PHFDQLVPRGHGHVDFWLYDFLyQQRUDGLDWLYRSRUHPLVLyQGHOX]PHFDQLVPR
GHGHVDFWLYDFLyQUDGLDWLYDROXPLQLVFHQFLDPHGLDQWHODGHVDSDULFLyQGHOD
PROpFXODRULJLQDOSDUDIRUPDUDOJ~QSURGXFWRGDQGROXJDUDXQDUHDFFLyQ
IRWRTXtPLFDRPHGLDQWHODLQWHUDFFLyQFRQDOJXQDRWUDHVSHFLHSUHVHQWHHQ
ODGLVROXFLyQ(QODILJXUDVHUHFRJHQWRGRVORVSRVLEOHVPHFDQLVPRV
GHGHVDFWLYDFLyQ
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
)LJXUD3RVLEOHVPHFDQLVPRVGHGHVDFWLYDFLyQ
3DUD SRGHU HVWXGLDU GH PDQHUD VHQFLOOD WRGRV HVWRV SURFHVRV VH
UHFXUUH DO GLDJUDPD GH 3HUULQ-DEORQVNL ILJXUD   /DV IOHFKDV
YHUWLFDOHVFRUUHVSRQGHQDOSURFHVRGHDEVRUFLyQGHVGHHOQLYHOGHHQHUJtD
YLEUDFLRQDOPiVEDMRGHOHVWDGRIXQGDPHQWDO6KDVWDXQRGHORVQLYHOHV
YLEUDFLRQDOHVVLWXDGRVHQORVHVWDGRVH[FLWDGRV66HWF1RUPDOPHQWH
HOSURFHVRGHDEVRUFLyQVLHPSUHVHSURGXFHGHVGHHOQLYHOYLEUDFLRQDOPiV
EDMRGHOHVWDGRIXQGDPHQWDOQ HQ6\DTXHVHJ~QODOH\GH%ROW]PDQQ
OD PD\RUtD GH PROpFXODV VH HQFXHQWUDQ HQ HVWH QLYHO D WHPSHUDWXUD
DPELHQWH8QDYH]HOHOHFWUyQVHHQFXHQWUDHQXQHVWDGRH[FLWDGRSXHGH
YROYHUDVXHVWDGRIXQGDPHQWDODWUDYpVGHYDULRVSURFHVRVHQIXQFLyQGH
ODPXOWLSOLFLGDGGHHVStQGHOHVWDGRH[FLWDGR
'HQWURGHORVPHFDQLVPRVGHGHVDFWLYDFLyQUDGLDWLYDVHGHQRPLQD
IOXRUHVFHQFLD DO SURFHVR HQ HO TXH HO HVWDGR H[FLWDGR \ HO HVWDGR
IXQGDPHQWDO WLHQHQ OD PLVPD PXOWLSOLFLGDG GH HVStQ PLHQWUDV TXH VH
FRQRFH FRPR IRVIRUHVFHQFLD DO PLVPR SURFHVR SHUR HQWUH HVWDGRV FRQ
GLIHUHQWHPXOWLSOLFLGDG'H ODPLVPDPDQHUDFXDQGRHOPHFDQLVPRTXH
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WLHQHOXJDUHVQRUDGLDWLYRVHSXHGHGLVWLQJXLUHQWUHFRQYHUVLyQLQWHUQD,&
SRU internal conversión R FUXFH LQWHUVLVWHPD ,6& SRU intersystem 
crossingGHSHQGLHQGRGHQXHYRVLODWUDQVLFLyQRFXUUHHQWUHHVWDGRVFRQHO
PLVPRRFRQGLIHUHQWHHVStQUHVSHFWLYDPHQWH


)LJXUD'LDJUDPDGH3HUULQ-DEORQVNLMXQWRFRQXQDUHSUHVHQWDFDLyQGHODV
SRVLFLRQHVUHODWLYDVGHORVHVSHFWURVGHDEVRUFLyQIOXRUHVFHQFLD\IRVIRUHVFHQFLD
\XQUHVXPHQGHORVWLHPSRVGHYLGDPHGLDGHORVSURFHVRVPRVWUDGRVHQpO
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2WUDFDUDFWHUtVWLFDTXHDFRPSDxDDHVWRVSURFHVRVGHGHVDFWLYDFLyQ
HVVXFLQpWLFD$TXHOORVSURFHVRVSHUPLWLGRVSRUODUHJODGHVHOHFFLyQGH
HVStQIOXRUHVFHQFLD\FRQYHUVLyQLQWHUQDVHFDUDFWHUL]DQSRUWHQHUWLHPSRV
GH GHVDFWLYDFLyQ PiV FRUWRV TXH ORV SURFHVRV GH GHVDFWLYDFLyQ TXH
LPSOLFDQ WUDQVLFLRQHV SURKLELGDV IRVIRUHVFHQFLD \ FUXFH LQWHUVLVWHPD
$GHPiV H[LVWH OD SRVLELOLGDG TXH OD PROpFXOD HQ HO HVWDGR H[FLWDGR
LQWHUDFFLRQHFRQRWUDVPROpFXODVGDQGROXJDUDSURFHVRVGHWUDQVIHUHQFLD
HOHFWUyQLFDWUDQVIHUHQFLDGHSURWyQWUDQVIHUHQFLDGHHQHUJtDRIRUPDFLyQ
GH H[FtPHURV R H[FLSOHMRV 7RGRV HVWRV SURFHVRV GH UHODMDFLyQ QR
UDGLDWLYRVVRQORVUHVSRQVDEOHVGHTXHODIOXRUHVFHQFLDVHRULJLQHVLHPSUH
GHVGH HO HVWDGR 6 TXH VX SHUILO QR YDUtH FRQ OD ORQJLWXG GH RQGD GH
H[FLWDFLyQ \ TXH HO Pi[LPR GH HPLVLyQ VLHPSUH VH VLW~H D PD\RUHV
ORQJLWXGHVGHRQGDPHQRUHQHUJtDTXHHOPi[LPRGHDEVRUFLyQ(QXQD
VLWXDFLyQLGHDOORVGRVHVWDGRVHOHFWUyQLFRVLQYROXFUDGRVGLUHFWDPHQWHHQ
OD GHVDFWLYDFLyQ VH SXHGHQ FRQVLGHUDU FRPR RVFLODGRUHV DUPyQLFRV
LGpQWLFRVVLQGHVSOD]DPLHQWRHQODVFRRUGHQDGDVQXFOHDUHVHVGHFLUTXH
ODVGLIHUHQFLDVHQWUHORVQLYHOHVYLEUDFLRQDOHVHQHOHVWDGRIXQGDPHQWDO6
\ HQ HO SULPHU HVWDGR H[FLWDGR 6 VRQ VLPLODUHV GH PDQHUD TXH
PDFURVFySLFDPHQWHVHREWLHQHXQDLPDJHQHVSHFXODUHQWUHHOHVSHFWURGH
DEVRUFLyQ\HOGHHPLVLyQUHVSHFWRDOYDORUGHODHQHUJtDGHODWUDQVLFLyQ
YLEUDFLRQDOQQILJXUD
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)LJXUD'LDJUDPDGHHQHUJtDSRWHQFLDOFRQSRVLEOHVWUDQVLFLRQHVYHUWLFDOHV
VHJ~QHOSULQFLSLRGH)UDQFN&RQGRQL]TXLHUGD3HUILOGHODVEDQGDVGH
DEVRUFLyQ\HPLVLyQGHUHFKD
6LQ HPEDUJR VHGHEH WHQHU HQ FXHQWDTXH HQ UHDOLGDG ORVQLYHOHV
YLEUDFLRQDOHV GHQWUR GH XQ HVWDGR HOHFWUyQLFR FRQFUHWR 6Q QR VH
HQFXHQWUDQ HTXLHVSDFLDGRV\TXH VXSRVLFLyQ UHVSRQGH DOPRGHORGHXQ
RVFLODGRU DQDUPyQLFR ILJ  L]TXLHUGD GH PDQHUD TXH VHJ~Q HO
SULQFLSLRGH)UDQFN&RQGRQODWUDQVLFLyQHOHFWUyQLFDPiVSUREDEOHODPiV
LQWHQVDHVDTXHOODTXHRFXUUHVLQFDPELRVHQODVSRVLFLRQHVGHORVQ~FOHRV
HQODPROpFXOD\VXHQWRUQR$OHVWDGRILQDOVHOHFRQRFHFRPRHVWDGRGH
)UDQFN&RQGRQ \ D OD WUDQVLFLyQ LQYROXFUDGD VH OH OODPD WUDQVLFLyQ
YHUWLFDO(Q OD ILJXUDVHSXHGHYHUHOSHUILOGHDEVRUFLyQSDUDGRV
VLWXDFLRQHVGLIHUHQWHVGRQGHODVLQWHQVLGDGHVGHODVWUDQVLFLRQHVGHSHQGHQ
GHODSRVLFLyQUHODWLYD\GHODIRUPDGHODVFXUYDVGHHQHUJtDSRWHQFLDO
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
)LJXUD'LDJUDPDGHHQHUJtDSRWHQFLDOSDUWHVXSHULRU3HUILOGHODV
EDQGDVGHDEVRUFLyQSDUWHLQIHULRU
&XDQGR VH FRPSDUDQ ORV HVSHFWURV GH DEVRUFLyQ \ HPLVLyQ GH
IOXRUHVFHQFLDGHDOJXQRVVLVWHPDVUHDOHVVHSXHGHYHUXQDVHSDUDFLyQGH
ORVPi[LPRVGHFDGDSURFHVRFRQRFLGRFRPRGHVSOD]DPLHQWRGH6WRNHV
ǻȜ QP HQ ORV TXH XQD PROpFXOD IOXRUHVFHQWH DEVRUEH OX] GH XQD
GHWHUPLQDGDORQJLWXGGHRQGD\HPLWHOX]GHXQDORQJLWXGGHRQGDPiVDOWD
ILJXUD   /D PDJQLWXG GH HVWH GHVSOD]DPLHQWR FHQWUDGR HQ OD
WUDQVLFLyQ YLEUDFLRQDOQQ HV XQD IRUPD VLPSOH \ GLUHFWD GHPHGLU OD
GLIHUHQFLD HQ JHRPHWUtD \ SURSLHGDGHV HQWUH HO HVWDGR IXQGDPHQWDO \
H[FLWDGRGHIRUPDTXHFXDQWRPiVSHTXHxRVHDVXYDORUODVGLIHUHQFLDVHQ
IRUPD WDPDxR\ VROYDWDFLyQGHOHVWDGRH[FLWDGRHQFRPSDUDFLyQFRQHO
HVWDGR IXQGDPHQWDO VRQ WDPELpQ SHTXHxDV 'HELGR D HVWD SURSLHGDG GH
VLPHWUtDHOYDORUGHODHQHUJtDFRUUHVSRQGLHQWHDODWUDQVLFLyQQQ(
TXH VHSDUD ORV HVWDGRV HOHFWUyQLFRV IXQGDPHQWDO \ H[FLWDGR SXHGH
REWHQHUVHELHQGHOSXQWRGHLQWHUVHFFLyQGHORVHVSHFWURVGHDEVRUFLyQ\
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HPLVLyQQRUPDOL]DGRVRPHGLDQWHHOYDORUPHGLRGHVXVFRUUHVSRQGLHQWHV
Pi[LPRV

)LJXUD5HSUHVHQWDFLyQGHOGHVSOD]DPLHQWRGH6WRNHV
(Q OD ILJXUD  VH PXHVWUDQ WUHV HMHPSORV SUiFWLFRV GH ODV
SRVLELOLGDGHV GHVFULWDV DQWHULRUPHQWH (Q OD ILJXUD GH OD L]TXLHUGD VH
PXHVWUDHOHVSHFWURGHDEVRUFLyQ\HPLVLyQGHOSHULOHQRXQKLGURFDUEXUR
SROLFtFOLFRDURPiWLFRXVDGRHQELRORJtDFRPRVRQGDOLStGLFDIOXRUHVFHQWH
(VWDPROpFXODWLHQHXQHVSHFWURGHDEVRUFLyQTXHHVODLPDJHQHVSHFXODU
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GHOHVSHFWURGHHPLVLyQFRLQFLGLHQGRSHUIHFWDPHQWHODVWUDQVLFLRQHVQQ
(Q OD ILJXUD GHOPHGLR VHPXHVWUD HO FDVR GH OD IOXRUHVFHtQD VXVWDQFLD
FRORUDQWHRUJiQLFDKLGURVROXEOHSHUWHQHFLHQWHDOJUXSRGHODV[DQWLQDVTXH
SURGXFHXQ FRORU IOXRUHVFHQWHYHUGH LQWHQVR HQ VROXFLRQHV DOFDOLQDV(Q
HVWH FDVR ODV WUDQVLFLRQHV QQ QR FRLQFLGHQ GH PDQHUD TXH VH SXHGH
REVHUYDUHOFRUUHVSRQGLHQWHGHVSOD]DPLHQWRGH6WRNHV<SRU~OWLPRHQOD
ILJXUD GH OD GHUHFKD VH PXHVWUD HO HMHPSOR GH OD ILFRFLDQRELOLQD XQ
FRPSXHVWRWHWUDSLUUyOLFROLQHDOSUHVHQWHFRPRJUXSRSURVWpWLFRFURPyIRUR
HQ ODVSURWHtQDV ILFRFLDQRELOLQDVGRQGHVHKDSHUGLGRFRPSOHWDPHQWH OD
VLPHWUtDHQWUHORVHVSHFWURVGHDEVRUFLyQ\HPLVLyQ

)LJXUD(VSHFWURVGHDEVRUFLyQ\HPLVLyQTXHDSDUHFHQFRPRLPiJHQHV
HVSHFXODUHVL]TXLHUGDFRQGHVSOD]DPLHQWRGH6WRNHVPHGLR\WRWDOPHQWH
GLIHUHQWHVGHUHFKD
$GHPiVGHOGHVSOD]DPLHQWRGH6WRNHVH[LVWHQSDUiPHWURVFLQpWLFRV
PX\ ~WLOHV D OD KRUD GH FDUDFWHUL]DU ORV SURFHVRV GH GHVDFWLYDFLyQ TXH
WLHQHQ OXJDUHQHVWRVVLVWHPDV\DTXHDOVHUSURFHVRVXQLPROHFXODUHVVH
GHVFULEHQ PHGLDQWH VX SURSLD YHORFLGDG D H[FHSFLyQ GHO PHFDQLVPR
ELPROHFXODUTXHVLJXHXQDFLQpWLFDGHSULPHURUGHQFDUDFWHUL]DGDSRUXQD
FRQVWDQWHGHYHORFLGDGkPHGLGDHQVHFXDFLyQ
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1RUPDOPHQWHODFRQVWDQWHkVHH[SUHVDFRPRVXLQYHUVDFRQRFLGD
FRPRWLHPSRGHYLGDPHGLDĲTXHVHGHILQHFRPRHOWLHPSRSURPHGLRTXH
XQ IOXRUyIRUR SDVD HQ HO HVWDGR H[FLWDGR DQWHV GH YROYHU DO HVWDGR
IXQGDPHQWDO HFXDFLyQGRQGH Srk HV ODFRQVWDQWHGHYHORFLGDGGHO
SURFHVR GH GHVDFWLYDFLyQ UDGLDWLYD GHO HVWDGR 6 DO 6 FRQ HPLVLyQ GH
IOXRUHVFHQFLD\ Snrk HVODFRUUHVSRQGLHQWHFRQVWDQWHGHYHORFLGDGSDUDHO
SURFHVRQRUDGLDWLYR 
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
2WURSDUiPHWURLPSRUWDQWHHVHOUHQGLPLHQWRFXiQWLFRĭTXHLQIRUPD
GHODHILFDFLDGHFDGDSURFHVRIRWRTXtPLFR6HGHILQHFRPRODIUDFFLyQGH
PROpFXODVH[FLWDGDVTXHUHJUHVDQDOHVWDGRIXQGDPHQWDOFRQODHPLVLyQGH
IRWRQHVRHQRWUDVSDODEUDVFRPRODUHODFLyQHQWUHHOQ~PHURGHIRWRQHV
HPLWLGRVGXUDQWHWRGRHOSURFHVRGHGHVDFWLYDFLyQ\HOQ~PHURGHIRWRQHV
DEVRUELGRVHFXDFLyQ
S
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r
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HF
$ODKRUDGHHYDOXDUODFLQpWLFDGHORVPHFDQLVPRVGHGHVDFWLYDFLyQ
TXH SXHGH VXIULU XQD PROpFXOD $ HQ HO HVWDGR H[FLWDGR VH SXHGHQ
GLIHUHQFLDUGRVVLWXDFLRQHV(QODSULPHUDGHHOODVQRH[LVWHQUHDFFLRQHV
IRWRTXtPLFDVQLGHVDFWLYDFLyQSRUSURFHVRVELPROHFXODUHVSRU ORTXHVH
SXHGHGHILQLUXQWLHPSRGHYLGDPHGLDWtHFXDFLyQ\XQUHQGLPLHQWR
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FXiQWLFR LQGHSHQGLHQWH SDUD FDGD XQD GH ODV WUHV YtDV GH GHVDFWLYDFLyQ
SRVLEOHVIOXRUHVFHQFLDIOHFXDFLyQFRQYHUVLyQLQWHUQDFLHFXDFLyQ
 R FUXFH LQWHUVLVWHPD FLV HFXDFLyQ &DGD UHQGLPLHQWR FXiQWLFR
YHQGUi GHILQLGR SRU HO WLHPSR GH YLGDPHGLD Wt \ SRU XQD FRQVWDQWH GH
YHORFLGDG HVSHFtILFD VLHQGR kIO kFL \ kFLV OD FRQVWDQWH GH YHORFLGDG GHO
SURFHVR GH IOXRUHVFHQFLD FRQYHUVLyQ LQWHUQD \ FUXFH LQWHUVLVWHPD
UHVSHFWLYDPHQWH
FLVFLIO

kkkt  W       HF
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FLFL kkk
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FLVFLV kkk
kkĭ t   W      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
FLVFLIO   ĭĭĭ       HF
3XHGH RFXUULU VLQ HPEDUJR TXH ORV DQWHULRUHV PHFDQLVPRV GH
GHVDFWLYDFLyQLQWUDPROHFXODUQRVHDQGHPDVLDGRUiSLGRVORTXHVHWUDGXFH
HQTXHHOWLHPSRGHYLGDPHGLDGHOHVWDGRH[FLWDGRHVORVXILFLHQWHPHQWH
ODUJRSDUDTXHODPROpFXODH[FLWDGD$WHQJDODRSRUWXQLGDGGHHQFRQWUDUVH
FRQRWUDPROpFXOD4GHQRPLQDGDGHVDFWLYDGRUQuencherGHIRUPDTXH
RFXUUDDOJ~Q WLSRGH LQWHUDFFLyQHQWUHHOODVTXHSURGX]FDXQSURFHVRGH
GHVDFWLYDFLyQ ELPROHFXODU Quenching /RV HVWDGRV H[FLWDGRV TXH
VDWLVIDFHQHVWDFRQGLFLyQVRQORVHVWDGRVVLQJOHWH\WULSOHWHPiVEDMRV6\
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7$GHPiVORVSURFHVRVELPROHFXODUHVPiVLPSRUWDQWHVVRQSURFHVRVGH
WUDQVIHUHQFLDGHHQHUJtDRGHHOHFWURQHVE
'HQWURGH ORVSURFHVRVGHGHVDFWLYDFLyQELPROHFXODUHV VHSXHGHQ
GLIHUHQFLDUYDULRVFDVRV&XDQGRODFLQpWLFDGHSHQGHGHIRUPDGLUHFWDGHOD
FRQFHQWUDFLyQ GH OD VXVWDQFLD GHVDFWLYDGRUD 4 VH FRQRFH FRPR
GHVDFWLYDFLyQGLQiPLFD\DTXHODGHVDFWLYDFLyQGHVGHHOHVWDGRH[FLWDGR
DOHVWDGRIXQGDPHQWDOVHSURGXFHSRUFROLVLyQHQWUHHOHVWDGRH[FLWDGR\OD
HVSHFLH4(QHVWHFDVRODSUHVHQFLDGH4SURGXFHXQDGLVPLQXFLyQGHO
WLHPSR GH YLGD GH GLFKD HVSHFLH H[FLWDGD W \ XQD GLVPLQXFLyQ GH OD
LQWHQVLGDG GH OD HPLVLyQ , \D TXH OD HVSHFLH 4 DxDGH RWUR SRVLEOH
PHFDQLVPR GH GHVDFWLYDFLyQ TXH FRPSLWH FRQ OD OXPLQLVFHQFLD (VWH
SURFHVRHVWiFRQWURODGRSRUODUDSLGH]FRQTXH4SXHGHGLIXQGLUVHDWUDYpV
GHODGLVROXFLyQ\FROLVLRQDUFRQ$\QRUPDOPHQWHGDGRTXHODGLIXVLyQ
HVXQSURFHVRPX\UiSLGRODGHVDFWLYDFLyQGLQiPLFDHVXQSURFHVRPX\
HILFLHQWH
@4>  WW
W
Qk       HF
$SDUWLUGHORVUHVXOWDGRVH[SHULPHQWDOHVREWHQLGRVGHWLHPSRVGH
YLGDHQDXVHQFLD\HQSUHVHQFLDGHODHVSHFLH4W0\W UHVSHFWLYDPHQWHVH
SXHGHFRQRFHUVLODGHVDFWLYDFLyQVLJXHXQDFLQpWLFDH[SRQHQFLDOGHSULPHU
RUGHQHFXDFLyQ(QHVWHFDVRVHSXHGHREWHQHUGLUHFWDPHQWHHOYDORU
GHODFRQVWDQWHGHYHORFLGDGGHOSURFHVRGHGHVDFWLYDFLyQELPROHFXODUkQ
$VXYH]DSDUWLUGHODUHODFLyQHQWUHHOUHQGLPLHQWRFXiQWLFRHQDXVHQFLD
\HQSUHVHQFLDGHODVXVWDQFLDGHVDFWLYDGRUD)0\) UHVSHFWLYDPHQWHVH
REWLHQH OD HFXDFLyQ  FRQRFLGD FRPR OD UHODFLyQ GH 6WHUQ9ROPHU
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GRQGH,H,VRQODVLQWHQVLGDGHVGHIOXRUHVFHQFLDHQDXVHQFLD\HQSUHVHQFLD
GH4UHVSHFWLYDPHQWH 
@4>@4>,
,


SVQ Kkĭ
ĭ    W     HF
WQSV kK         HF
6HJ~QHVWHSURFHGLPLHQWRVHSXHGHREWHQHUODGHQRPLQDGDFRQVWDQWH
GH6WHUQ9ROPHUKVY1RUPDOPHQWHVHUHSUHVHQWDODUHODFLyQ,,IUHQWHD
ODFRQFHQWUDFLyQGHHVSHFLH4JUiILFDGH6WHUQ9ROPHU\VLODYDULDFLyQ
HVOLQHDO ODSHQGLHQWHGHODUHFWDQRVSURSRUFLRQDODFRQVWDQWHGH6WHUQ
9ROPHU 'H HVWD IRUPD OD FRQVWDQWH GH YHORFLGDG GHO SURFHVR GH
GHVDFWLYDFLyQkQSXHGHFDOFXODUVHVLVHFRQRFHHOWLHPSRGHYLGDPHGLDGHO
HVWDGRH[FLWDGRHQDXVHQFLDGHODPROpFXODGHVDFWLYDGRUDW0
8QFDVRGLIHUHQWHHVHOFRQRFLGRFRPRGHVDFWLYDFLyQHVWiWLFDHQHO
TXH 4 VH DVRFLD GH DOJXQD PDQHUD FRQ OD PROpFXOD $ HQ GLVROXFLyQ
SUHYLDPHQWHDODDEVRUFLyQGHOX](VWDDVRFLDFLyQSXHGHLQGXFLUFDPELRV
HQ ODV SURSLHGDGHV GH ODPROpFXOD$ GHPDQHUD TXH QR VH SURGX]FD OD
SRVWHULRU GHVDFWLYDFLyQ UDGLDWLYD 3RU OR WDQWR OD GLVPLQXFLyQ HQ OD
LQWHQVLGDGGHODHPLVLyQVHYHUiDIHFWDGDSRUHOJUDGRGHDVRFLDFLyQHQWUH
$\4\HOQ~PHURGHHVSHFLHVGHVDFWLYDGRUDVSUHVHQWHV$OLJXDOTXHHQHO
FDVR DQWHULRU OD GLVPLQXFLyQ HQ OD HPLVLyQ GH IOXRUHVFHQFLD SXHGH
FXDQWLILFDUVH PHGLDQWH OD HFXDFLyQ GH XQD OtQHD UHFWD HFXDFLyQ 
VLPLODU HQ IRUPD D OD HFXDFLyQ GH 6WHUQ9ROPHU 6LQ HPEDUJR OD
LQWHUSUHWDFLyQHVGLIHUHQWH\DTXHDOUHSUHVHQWDU,,ODSHQGLHQWHFXDQWLILFD
ODFRQVWDQWHGHDVRFLDFLyQ.6HQWUH$\4SRUORTXHVHSXHGHREWHQHU
LQIRUPDFLyQ GH FyPR LQWHUDFFLRQDQ HVWDV GRV HVSHFLHV HQ HO HVWDGR
IXQGDPHQWDO
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I        HF
'DGRTXHODJUiILFDGHLQWHQVLGDGGHHPLVLyQIUHQWHDFRQFHQWUDFLyQ
GH HVSHFLH GHVDFWLYDGRUD SURGXFH HOPLVPR HIHFWR HQ ORV GRV FDVRV HV
QHFHVDULR HQFRQWUDU XQD PDQHUD GH GLIHUHQFLDUORV 6L VH SLHQVD
GHWHQLGDPHQWHHQODQDWXUDOH]DGHOSURFHVRTXHVHHVWiOOHYDQGRDFDERVH
SXHGHOOHJDUDODFRQFOXVLyQTXHHQXQSURFHVRGLQiPLFRWRGDVODVHVSHFLHV
IOXRUyIRUDV$VHYHQDIHFWDGDVSRUHOSURFHVRGHGHVDFWLYDFLyQ\DTXHHV
SUREDEOHTXHWRGDVHOODVFROLVLRQHQGXUDQWHVXWLHPSRGHYLGDHQHOHVWDGR
H[FLWDGR ILJXUD  L]TXLHUGD SRU OR TXH WDQWR OD LQWHQVLGDG GH OD
HPLVLyQ FRPR HO WLHPSR GH YLGD VH UHGXFLUiQ DO LQFUHPHQWDU OD
FRQFHQWUDFLyQGHHVSHFLHGHVDFWLYDGRUD46LQHPEDUJRHQXQSURFHVR
GH GHVDFWLYDFLyQ HVWiWLFR VROR ODV DVRFLDFLRQHV $4 SURYRFDQ XQD
GLVPLQXFLyQGHODHPLVLyQPLHQWUDVTXHODVHVSHFLHVTXHQRIRUPDQHVWD
DVRFLDFLyQPDQWLHQHQVXHPLVLyQRULJLQDO8QDXPHQWRGHODFRQFHQWUDFLyQ
GH4DIHFWDUiDODHPLVLyQ\DTXHDXPHQWDHOQ~PHURGHDVRFLDFLRQHV
SHUR QR DO WLHPSR GH YLGD \D TXH ODV HVSHFLHV $ OLEUHV SXHGHQ VHJXLU
HPLWLHQGRFRPRVL4QRHVWXYLHUDSUHVHQWHILJXUDGHUHFKD+D\TXH
WHQHUHQFXHQWDTXHHVWDVGRVVLWXDFLRQHVVRQH[WUHPDV\KD\FDVRVHQORV
TXHVHSXHGHGDUXQDFRPELQDFLyQGHDPERVGHPDQHUDVLPXOWiQHD
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
)LJXUD5HSUHVHQWDFLyQGHODGHVDFWLYDFLyQGLQiPLFDIUHQWHDODHVWiWLFD
3RUORWDQWRSDUDSRGHUGLVWLQJXLUHVWRVGRVSURFHVRVHVPX\~WLO
FRPSDUDUFyPRYDUtDODHPLVLyQGHIOXRUHVFHQFLD\HOWLHPSRGHYLGDFRQ
OD FRQFHQWUDFLyQGH HVSHFLHGHVDFWLYDGRUD(Q HO FDVRGHXQSURFHVRGH
GHVDFWLYDFLyQGLQiPLFDDPEDVUHSUHVHQWDFLRQHVFRLQFLGLUiQPLHQWUDVTXH
HQHOFDVRGHXQSURFHVRGHGHVDFWLYDFLyQHVWiWLFRVyORODUHSUHVHQWDFLyQ
GH OD LQWHQVLGDG GH HPLVLyQ UHODWLYD FDPELDUi SHUPDQHFLHQGR
SUiFWLFDPHQWHFRQVWDQWHODUHSUHVHQWDFLyQGHOWLHPSRGHYLGDILJXUD

)LJXUD5HSUHVHQWDFLyQJUiILFDXWLOL]DGDSDUDGLVWLQJXLUXQSURFHVRGH
GHVDFWLYDFLyQGLQiPLFRGHXQRHVWiWLFRRXQDFRPELQDFLyQGHDPERV
(QODILJXUDVHPXHVWUDXQFDVRSUiFWLFRTXHVHDMXVWDDHVWD
FODVHGHVLVWHPDV(QHOODGRL]TXLHUGRGHODILJXUDVHPXHVWUDHOHVSHFWUR
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GHHPLVLyQGH IOXRUHVFHQFLDGHXQDSROLDPLQD OLQHDOTXH WLHQHXQJUXSR
QDIWDOHQR HQ XQR GH VXV H[WUHPRV 6H REVHUYD XQD GLVPLQXFLyQ GH OD
LQWHQVLGDGGHODHPLVLyQGHOOLJDQGRDODGLFLRQDUFDQWLGDGHVFUHFLHQWHVGH
KH[DFLDQRFREDOWR,,,HOFXDODFW~DGHHVSHFLHGHVDFWLYDGRUD4(QHOODGR
GHUHFKR GH OD ILJXUD  VH PXHVWUD OD UHODFLyQ ,, R W0W IUHQWH D OD
FRQFHQWUDFLyQGH46HSXHGHYHUFyPRODOtQHDGHFRORUIXFVLDQRVHDMXVWD
GHPDQHUDFODUDDXQDOtQHDUHFWDORTXHLQGLFDTXHVHHVWiIRUPDQGRXQD
DVRFLDFLyQ HQ HO HVWDGR IXQGDPHQWDO \ SRU WDQWR HO PHFDQLVPR GH
GHVDFWLYDFLyQHVHVWiWLFR

)LJXUD(PLVLyQGHIOXRUHVFHQFLDGHOOLJDQGRPRVWUDGRHQODILJXUDDS+ 
DODxDGLUFDQWLGDGHVFUHFLHQWHVGHKH[DFLDQRFREDOWR,,,L]TXLHUGD
5HSUHVHQWDFLyQGH6WHUQ9ROPHUHPSOHDQGRODLQWHQVLGDGGHHPLVLyQGH
IOXRUHVFHQFLDD]XORWLHPSRVGHYLGDIUHVDGHUHFKD

 
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6HQVRUHVySWLFRV
6HQVRUHVPROHFXODUHVySWLFRV
8QDGHODVDSOLFDFLRQHVPiVLPSRUWDQWHVGHORVUHFHSWRUHVDELyWLFRV
HVVXHPSOHRSDUDHOGHVDUUROORGHVHQVRUHVPROHFXODUHV/DXQLyQGHXQ
UHFHSWRU HVSHFtILFR FRQXQD VXEXQLGDG FDSD]GH VHxDOL]DU OD LQWHUDFFLyQ
UHFHSWRUVXVWUDWRPHGLDQWHODHPLVLyQGHXQDVHxDOPDFURVFySLFDGHILQHD
XQVHQVRUPROHFXODU/DHILFLHQFLDGHOVHQVRUHVWiUHODFLRQDGDWDQWRFRQOD
VHOHFWLYLGDG GHO SURFHVR GH UHFRQRFLPLHQWR FRPR FRQ OD IDFLOLGDG \
VLPSOLFLGDGGHGHWHFFLyQ\PHGLGDGHODVHxDOPRVWUDGD
(Q IXQFLyQ GHO WLSR GH VHxDO HPLWLGD ORV VHQVRUHV TXtPLFRV
PROHFXODUHVWDPELpQGHQRPLQDGRVTXLPLRVHQVRUHVSXHGHQFODVLILFDUVHHQ
WpUPLFRV GHPDVDV HOHFWURTXtPLFRVPDJQpWLFRV \ ySWLFRV /D SUHVHQWH
WHVLV GRFWRUDO HVWi EDVDGD HQ HO GHVDUUROOR GH VHQVRUHV ySWLFRV SRU ODV
YHQWDMDVTXHSURSRUFLRQDVXXVRIUHQWHDOUHVWR
3HUPLWHQODGHWHFFLyQRFXODUHQHOFDVRGHDEVRUFLyQHQHOHVSHFWUR
YLVLEOH
5HTXLHUHQXQDLQVWUXPHQWDFLyQVLPSOHDVHTXLEOH\HFRQyPLFD
(PSOHDQPpWRGRVGHGHWHFFLyQQRGHVWUXFWLYRV
8WLOL]DQSRFDFDQWLGDGGHPXHVWUD
0HGLFLyQHQWLHPSRUHDO
$ OD KRUD GH UHYLVDU OD ELEOLRJUDItD H[LVWHQWH HQ HO FDPSR GHO
UHFRQRFLPLHQWR D WUDYpV GH FDPELRV HVSHFWURVFySLFRV VH KDQ GHWHFWDGR
GLIHUHQWHVPDQHUDVGHQRPEUDUDORVVHQVRUHVPROHFXODUHVySWLFRVVRQGDV
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ySWLFDVTXLPLRVHQVRUHVySWLFRVHWFWRGRVHOORVHQSULQFLSLRHTXLYDOHQWHV
6LQHPEDUJRQRKD\TXHFRQIXQGLUORFRQHOWpUPLQRGHVHQVRUySWLFR
8QVHQVRUySWLFRKDFHUHIHUHQFLDDOGLVSRVLWLYRPHFiQLFRVHQVLEOHD
XQ FDPELR H[WHUQR FDSD] GH WUDQVPLWLU XQD VHxDO D XQ LQVWUXPHQWR GH
FRQWURORPHGLGD(VWDGHVFULSFLyQLQFOX\HDODXQLGDGUHFHSWRUDODXQLGDG
VHxDOL]DGRUD HO VLVWHPD ySWLFR \ HO GHWHFWRU 3RU RWUR ODGR SDUD HYLWDU
FRQIXVLRQHV VH VXHOH OODPDU VHQVRU PROHFXODU ySWLFR ~QLFDPHQWH D OD
DVRFLDFLyQ UHFHSWRUXQLGDG VHxDOL]DGRUD2WUD GLVWLQFLyQ LPSRUWDQWH VH
GHEHWHQHUHQFXHQWDFXDQGRDSDUHFHHOWpUPLQRGHVHQVRUTXtPLFRWDPELpQ
OODPDGRV TXLPLRVHQVRU \ ELRVHQVRU (Q ORV SULPHURV OD UHVSXHVWD DO
DQDOLWR HV GH RULJHQ DELyWLFR PLHQWUDV TXH ORV VHJXQGRV VXUJHQ FRPR
UHVSXHVWDDXQDPDFURPROpFXODELROyJLFDSRUHMHPSORXQDSURWHtQD
'HVGH XQ SXQWR GH YLVWD FOiVLFR HO GLVHxR GH HVWH WLSR GH
TXLPLRVHQVRUHVLQFOX\HGRVSDUWHVIXQGDPHQWDOHVXQUHFHSWRUUHVSRQVDEOH
GHOUHFRQRFLPLHQWRPROHFXODUGHOVXVWUDWR\XQDXQLGDGVHxDOL]DGRUD6LQ
HPEDUJRHQODDFWXDOLGDGH[LVWHQSULQFLSDOPHQWHHVWUDWHJLDVDODKRUDGH
GLVHxDU LQGLFDGRUHVPROHFXODUHVySWLFRVSDUDHO UHFRQRFLPLHQWRTXtPLFR
HQ GLVROXFLyQ ILJXUD     $ FRQWLQXDFLyQ VH FRPHQWDQ DOJXQRV
HMHPSORV HQ ORV TXH VH SXHGH YHU OD DSOLFDFLyQ GH OD TXtPLFD
VXSUDPROHFXODUDOGHVDUUROORGHVHQVRUHVPROHFXODUHVPHGLDQWHHOHPSOHR
GH WpFQLFDV HVSHFWURVFySLFDV HPLVLyQ GH IOXRUHVFHQFLD R DEVRUFLyQ
XOWUDYLROHWDYLVLEOH89YLV


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
)LJXUD'LVHxRGHTXLPLRVHQVRUHVSDUDLRQHV\PROpFXODV

'HVDFWLYDFLyQSRUFROLVLyQ
0XFKRV VHQVRUHV PROHFXODUHV IOXRUHVFHQWHV GLVHxDGRV SDUD HO
UHFRQRFLPLHQWRGHKDOXURVVHEDVDQHQODGHVDFWLYDFLyQGHODIOXRUHVFHQFLD
WUDVODFROLVLyQFRQHOVXVWUDWR(QSDUWLFXODUODGHWHUPLQDFLyQGHFORUXUR
HQFpOXODVYLYDVVHUHDOL]DVLJXLHQGRHVWHSURFHGLPLHQWR2WURHMHPSORHQ
HOTXHVHHPSOHDHVWHSULQFLSLRSDUDODGHWHFFLyQVHOHFWLYDGH\RGXURIXH
GHVDUUROODGRSRU$&RUPD\+*DUFtDet alHQHOTXHXQLGDGHVGHSLUHQR
VHXQHQGHPDQHUDFRYDOHQWHDXQD]HROLWD&RPRUHVXOWDGRILQDOVHREWLHQH
XQTXLPLRVHQVRUKHWHURJpQHRSDUD,HQSUHVHQFLDGHRWURVKDOXURVILJXUD

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
)LJXUD'LVHxRGHXQTXLPLRVHQVRUIOXRURJpQLFRGH,DWUDYpVGHFROLVLyQ
FRQHOVXVWUDWR

6RQGDVLQWUtQVHFDV
/DVHJXQGDHVWUDWHJLDSDUDODVtQWHVLVGHTXLPLRVHQVRUHVVHEDVDHQ
ODREWHQFLyQGHXQDXQLGDGVHxDOL]DGRUDTXHDFW~DDOPLVPRWLHPSRFRPR
XQLGDG FRPSOHMDQWH  (Q HVWH FDVR ORV FDPELRV HVSHFWURVFySLFRV
REWHQLGRVLPSOLFDQXQDLQWHUDFFLyQUHYHUVLEOHGHODQDOLWRRVXVWUDWRFRQHO
UHFHSWRUTXHIRUPDSDUWHGHOVLVWHPDSGHOIOXRUyIRURFURPyIRUR$ODKRUD
GHWUDEDMDUFRQXQTXLPLRVHQVRUIOXRUHVFHQWHHOUHFRQRFLPLHQWRSXHGHGDU
OXJDUDGRVWLSRVGHUHVSXHVWDPD\RULWDULDV3RUXQODGRHOUHFRQRFLPLHQWR
GHO VXVWUDWR SXHGH SURGXFLU XQ DXPHQWR GH OD LQWHQVLGDG GH HPLVLyQ
CHEFRSRUHO FRQWUDULR ODXQLyQFRQHO VXVWUDWRSXHGHSURYRFDUXQD
GLVPLQXFLyQGHODLQWHQVLGDGGHIOXRUHVFHQFLD&+(4&XDQGRHOVXVWUDWR
TXH VH TXLHUH UHFRQRFHU VRQ SURWRQHV VH XVD HO WpUPLQR ³LQGLFDGRU
IOXRUHVFHQWH GH S+´ \ VL HO VXVWUDWR HV XQ LRQ VH OH SXHGH GHQRPLQDU
³DJHQWH TXHODQWH IOXRUHVFHQWH´ $ FRQWLQXDFLyQ VH PXHVWUDQ DOJXQRV
HMHPSORVFOiVLFRVEDVDGRVHQHVWDHVWUDWHJLD


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6RQGDVLQWUtQVHFDVIOXRUHVFHQWHV
/D GHWHUPLQDFLyQ GH DOXPLQLR PHGLDQWH HVSHFWURVFRStD GH
IOXRUHVFHQFLD VH OOHYD UHDOL]DQGR GHVGH KDFH PiV GH XQ VLJOR
*RSSHOVU|HGHUIXHHOSULPHURHQGHWHFWDU ODHPLVLyQGHIOXRUHVFHQFLDGH
H[WUDFWRV DOFRKyOLFRV GH &XEDZRRG Morus tinctoria HQ SUHVHQFLD GH
DOXPEUHHQGHELGRDODIRUPDFLyQGHXQTXHODWRFRQHODOXPLQLR
(QODILJXUDVHPXHVWUDODHVWUXFWXUDGHOiFLGRFURPRWUySLFRHPSOHDGR
SRU ( %DUGH] et al SDUD OD GHWHFFLyQ FXDQWLWDWLYD GH DOXPLQLR,,,32
$VtPLVPR D OD GHUHFKD GH OD ILJXUD VHPXHVWUD OD JUiILFD HQ OD TXH VH
UHSUHVHQWDODHPLVLyQGHIOXRUHVFHQFLDGHOOLJDQGROtQHDGLVFRQWLQXD\HO
DXPHQWRGHLQWHQVLGDGTXHH[SHULPHQWDODHPLVLyQOtQHDFRQWtQXDFXDQGR
VHIRUPDHOFRPSOHMRFRQDOXPLQLR

)LJXUD6RQGDIOXRURJpQLFDLQWUtQVHFDSDUDODGHWHFFLyQGH$O,,,

6RQGDVLQWUtQVHFDVFURPRJpQLFDV
(O VLVWHPD GH OD ILJXUD  HV XQ HMHPSOR WtSLFR GH HVWD
DSUR[LPDFLyQ (Q HVWH FDVR OD XQLGDG FRRUGLQDQWH FRQVLVWH HQ XQD
DJUXSDFLyQ WLRXUHD TXH WLHQH XQ FDUiFWHU GDGRU GpELO FRQHFWDGD FRQ XQ
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JUXSRQLWURGHFDUiFWHUHOHFWUyQDFHSWRUDWUDYpVGHXQVLVWHPDFRQMXJDGR
(VWH FRPSXHVWR HV LQLFLDOPHQWH LQFRORUR SHUR FXDQGR VH FRRUGLQD FRQ
DQLRQHVEiVLFRVFRPRSRUHMHPSORDFHWDWRDWUDYpVGHLQWHUDFFLRQHVSRU
SXHQWHVGHKLGUyJHQRVHSURGXFHXQGHVSOD]DPLHQWRKDFLDORQJLWXGHVGH
RQGD PD\RUHV \ HO FRORU GH OD GLVROXFLyQ FDPELD D DPDULOOR (VWH
GHVSOD]DPLHQWR HQ HO HVSHFWUR YLVLEOH VH EDVD HO KHFKR GH TXH OD
FRRUGLQDFLyQGHODFHWDWRKDFHTXHHOJUXSRWLRXUHDVHDPiVHOHFWUyQGDGRU
\DTXHVHSURGXFHXQDXPHQWRHQODWUDQVIHUHQFLDGHFDUJDGHVGHHODFHWDWR
DODWLRXUHD\SRUORWDQWRVHDXPHQWDHOFDUiFWHUHOHFWUyQDFHSWRUGHOJUXSR
QLWUR

)LJXUD6RQGDFURPRJpQLFDLQWUtQVHFDSDUDODGHWHFFLyQGHDFHWDWR

6RQGDVH[WUtQVHFDV
&RPRWHUFHUDRSFLyQDODKRUDGHGLVHxDUXQTXLPLRVHQVRUVHTXLHUH
SUHVHQWDUODIRUPDFLyQGHVRQGDVySWLFDVH[WUtQVHFDVHQODVTXHHOUHFHSWRU
\ HO IOXRUyIRUR HVWiQ FRYDOHQWHPHQWH XQLGRV SHUR VRQ HOHFWUyQLFDPHQWH
LQGHSHQGLHQWHV(QHVWHVHQWLGRVHSXHGHQVLQWHWL]DUGLIHUHQWHVPROpFXODV
UHFHSWRUDV TXH GHVSXpV VH XQHQ D XQ IOXRUyIRUR SDUD IRUPDU HO
TXLPLRVHQVRUIOXRUHVFHQWH6HSXHGHQGLVWLQJXLUGRVFDVRVHQODVtQWHVLVGH
VRQGDVH[WUtQVHFDV\DTXHODXQLyQFRYDOHQWHHQWUHODXQLGDGVHxDOL]DGRUD
\HOUHFHSWRUVHSXHGHOOHYDUDFDERPHGLDQWHODLQWURGXFFLyQRQRGHXQ
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HVSDFLDGRU (Q DPERV FDVRV DPEDV SDUWHV HVWiQ HVSDFLDOPHQWH PX\
SUy[LPDVSRUORTXHODLQWHUDFFLyQGHOVXVWUDWRFRQHOUHFHSWRULQGXFHXQ
FDPELR HQ HO HQWRUQR TXtPLFR GHO IOXRUyIRUR \ SRU OR WDQWR LQGXFH XQ
FDPELRHQODUHVSXHVWDIOXRUHVFHQWH
(VWHWLSRGHVLVWHPDVHQORVTXHODXQLGDGVHxDOL]DGRUDVHHQFXHQWUD
XQLGDDXQDXQLGDGUHFHSWRUDVHHPSH]DURQDGHVDUUROODUDILQDOHVGHOVLJOR
;;8QHMHPSORSLRQHUR IXHHO VLVWHPDGHVDUUROODGRSRUHOJUXSRGHGD
6LOYDet al.HQHOTXHXQD]DpWHUFRURQDVHHQFXHQWUDXQLGRDXQDXQLGDG
DQWUDFHQRPHGLDQWH XQ JUXSRPHWLOHQR (VWH OLJDQGR VH HPSOHD SDUD OD
GHWHFFLyQ GHPHWDOHV GHO EORTXH s/D DGLFLyQ GH VRGLR R SRWDVLR D OD
GLVROXFLyQ SURYRFD XQ DXPHQWR FRQVLGHUDEOH GH OD HPLVLyQ GH
IOXRUHVFHQFLDGHODXQLGDGDQWUDFHQRPLHQWUDVTXHODDGLFLyQGHOLWLRQR
SURGXFHQLQJ~QFDPELR(VWHFRPSRUWDPLHQWRVHGHEHDTXHHQDXVHQFLD
GHO PHWDO VH SURGXFH XQD WUDQVIHUHQFLD HOHFWUyQLFD 7( GHO SDU GH
HOHFWURQHVVROLWDULRGHOQLWUyJHQRKDFLDHOIOXRUyIRURLQKLELHQGRODHPLVLyQ
GH IOXRUHVFHQFLD&XDQGRVH LQWURGXFHXQPHWDOFDSD]GHFRRUGLQDUVHDO
QLWUyJHQRVHFRQVLJXHEORTXHDUHVDWUDQVIHUHQFLDHOHFWUyQLFD\UHFXSHUDU
ODHPLVLyQGHIOXRUHVFHQFLDGHODQWUDFHQRILJXUD

)LJXUD6RQGDIOXRUHVFHQWHH[WUtQVHFDSDUDODGHWHFFLyQGHSRWDVLR
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(QVD\RVFRPSHWLWLYRVRGHGHVSOD]DPLHQWR
/D FXDUWD HVWUDWHJLD FRQVLVWH HQ OD VtQWHVLV GH VLVWHPDV
TXLPLRVHQVRUHVEDVDGRVHQHQVD\RVFRPSHWLWLYRV ILJXUD(QHVWH
FDVRHOUHFHSWRU\ODXQLGDGVHxDOL]DGRUDQRVHHQFXHQWUDQXQLGRVPHGLDQWH
XQDXQLyQ FRYDOHQWH VLQR IRUPDQGRXQ FRPSOHMR&XDQGR VH DxDGHXQ
GHWHUPLQDGR VXVWUDWR D OD DVRFLDFLyQ UHFHSWRUXQLGDG VHxDOL]DGRUD VH
SURGXFH XQD UHDFFLyQ GH GHVSOD]DPLHQWR SRU OD TXH HO UHFHSWRU SDVD D
IRUPDUXQFRPSOHMRFRQHOVXVWUDWROLEHUDQGRDODXQLGDGVHxDOL]DGRUD6L
ODVFDUDFWHUtVWLFDVHVSHFWURVFySLFDVGHODXQLGDGVHxDOL]DGRUDFXDQGRHVWi
IRUPDQGR HO FRPSOHMR FRQ HO UHFHSWRU \ FXDQGR VH HQFXHQWUD OLEUH VRQ
GLVWLQWDVVHREWLHQHXQDUHVSXHVWDTXHHVWiUHODFLRQDGDFRQODSUHVHQFLDGHO
VXVWUDWRHQODGLVROXFLyQ

)LJXUD(VTXHPDGHXQHQVD\RGHGHVSOD]DPLHQWR
(Q HVWH WLSR GH HQVD\RV HV FRQYHQLHQWH TXH OD FRQVWDQWH GH
HVWDELOLGDGSDUDODIRUPDFLyQGHOFRPSOHMRHQWUHHOUHFHSWRU\HOVXVWUDWR
VHD PD\RU TXH OD FRUUHVSRQGLHQWH DO FRPSOHMR UHFHSWRUXQLGDG
VHxDOL]DGRUD \D TXH VL HV PHQRU HV QHFHVDULR DGLFLRQDU XQD PD\RU
FDQWLGDGGHVXVWUDWRSDUDFRQVHJXLUODUHDFFLyQGHGHVSOD]DPLHQWRFRQOR
TXH OD VHQVLELOLGDG GLVPLQX\H GH PDQHUD QRWDEOH $GHPiV VH SXHGH
FRQVHJXLUFLHUWDVHOHFWLYLGDGPHGLDQWHXQDVHOHFFLyQFXLGDGRVDGHODSDUHMD
UHFHSWRUXQLGDG VHxDOL]DGRUD KDFLHQGR TXH HVWD WHQJD XQD FRQVWDQWH GH
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IRUPDFLyQPiVDOWDTXHODTXHSXHGDWHQHUHOUHFHSWRUFRQSRVLEOHVVXVWUDWRV
LQWHUIHUHQWHV

(QVD\RVGHGHVSOD]DPLHQWRIOXRUHVFHQWHV
8Q HMHPSOR GH HQVD\R GH GHVSOD]DPLHQWR HQ HO TXH VH HPSOHD OD
HPLVLyQ GH IOXRUHVFHQFLD FRPR VHxDO LQGLFDGRUD HV HO GHVDUUROODGR SRU
%RJHU et al.  /D ILJXUD  PXHVWUD GH PDQHUD HVTXHPiWLFD HQ TXp
FRQVLVWHHVWHWLSRGHHQVD\RV

)LJXUD(QVD\RFRPSHWLWLYRHQWUHODSURWHtQD/()\HOEURPXURGHHWLGLR
SRUODLQWHUDFFLyQFRQ$'1
6H SDUWH GH XQD GLVROXFLyQ TXH FRQWLHQH XQD ILEUD GH $'1 FRQ
PROpFXODV GH EURPXUR GH HWLGLR LQWHUFDODGDV HQ VX HVWUXFWXUD (Q HVWDV
FRQGLFLRQHVODHPLVLyQGHIOXRUHVFHQFLDGHOLQWHUFDODQWHHVHOHYDGD\DTXH
ODV EDVHV QXFOHLFDV SUHVHQWHV HQ OD GREOH KHEUD VH HQFXHQWUDQ
LQWHUDFFLRQDQGRFRQHOEURPXURGHHWLGLRPHGLDQWHDSLODPLHQWRGHWLSRS
&XDQGRVHDxDGHXQDVHFXHQFLDGHQXFOHyWLGRVHVSHFtILFDFRPROD+0*
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UHSUHVHQWDGD QRUPDOPHQWH FRPR ¶&777*:: VLHQGR:   $ R 7
SUHVHQWHHQODSURWHtQD/()IDFWRUGHDXPHQWRGHHQODFHOLQIiWLFRVH
SURGXFHXQDOLEHUDFLyQGHOIOXRUyIRURDODGLVROXFLyQ\DTXHODFRQVWDQWH
GHLQWHUDFFLyQGHOD+0*FRQODGREOHKHEUDHVPD\RUTXHODTXHH[LVWH
HQWUH HO $'1 \ HO EURPXUR GH HWLGLR /D OLEHUDFLyQ SURJUHVLYD GHO
LQWHUFDODQWHDODGLVROXFLyQVHFRUUHVSRQGHFRQXQDGLVPLQXFLyQSURJUHVLYD
GHODHPLVLyQGHIOXRUHVFHQFLD

(QVD\RVGHGHVSOD]DPLHQWRFURPRJpQLFRV
3DUD PRVWUDU XQD DSOLFDFLyQ GH ORV HQVD\RV GH GHVSOD]DPLHQWR
FRORULPpWULFRVDOUHFRQRFLPLHQWRVXSUDPROHFXODUVHKDHVFRJLGRHOWUDEDMR
GHVDUUROODGRSRUHOJUXSRGH(9$QVO\QHQHOTXHVHHPSOHDQUHFHSWRUHV
HQDQWLRVHOHFWLYRVSDUDGLVFULPLQDU ORV HQDQWLyPHURVGH ODKLGUREHQ]RLQD
ILJXUD

)LJXUD(QVD\RGHGHVSOD]DPLHQWRFRORULPpWULFRSDUDHOUHFRQRFLPLHQWRGH
HQDQWLyPHURV
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6HSDUWHGHXQFRPSOHMRIRUPDGRHQWUHHOiFLGRERUyQLFRTXHDFW~D
GHUHFHSWRU\HOYLROHWDGHSLURFDWHFROFRPRXQLGDGVHxDOL]DGRUD0LHQWUDV
TXH DO DxDGLU HO GLDVWHUHLVyPHUR 66 GH OD KLGUREHQ]RLQD VH OLEHUD HO
FURPyIRUR D OD GLVROXFLyQ FRQ HO FRQVLJXLHQWH FDPELR GH FRORU QR VH
SURGXFHHOPLVPRHIHFWRFXDQGRVHDxDGHHOGLDVWHUHLVyPHUR553RUOR
WDQWR VH SXHGH GHFLU TXH HO OLJDQGR HPSOHDGR FRPR UHFHSWRU HV
HQDQWLRPpULFDPHQWHVHOHFWLYR

'RVtPHWURTXtPLFR
(Q HVWD FDWHJRUtD QRV HQFRQWUDPRV DTXHOORV VLVWHPDV TXH QR VH
SXHGHQ GHQRPLQDU HVWULFWDPHQWH VHQVRUHV ySWLFRV \D TXH QRUPDOPHQWH
XWLOL]DQUHDFFLRQHVTXtPLFDVLUUHYHUVLEOHV3DUDOOHYDUDFDERHOSURFHVRGH
GHWHFFLyQQRHVQHFHVDULRHOGHVDUUROORGHUHFHSWRUHVTXHLQWHUDFFLRQHQGH
PDQHUDVHOHFWLYDFRQXQVXVWUDWRFRPRHQ ORVFDVRVDQWHULRUHVVLQRTXH
QRUPDOPHQWHVHKDFHXVRGHUHDFFLRQHVTXtPLFDVHVSHFtILFDVJHQHUDOPHQWH
LUUHYHUVLEOHV LQGXFLGDVSRU HO VXVWUDWR\TXHFRQOOHYDQXQFDPELRHQ OD
UHVSXHVWDGHODXQLGDGVHxDOL]DGRUDILJXUD

)LJXUD(VTXHPDGHXQGRVtPHWURTXtPLFR


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'RVtPHWURIOXRURJpQLFR
8QHMHPSORGHGRVtPHWURTXtPLFRTXHXWLOL]DODHVSHFWURVFRStDGH
IOXRUHVFHQFLDVHPXHVWUDHQ OD ILJXUD/DUHGXFFLyQGHO UHFHSWRUHQ
DJXDWDPSRQDGDDS+ VHSURGXFHHQSUHVHQFLDGH1$'+TXHDFW~D
FRPRUHGXFWRU/DUHDFFLyQUHGR[SURGXFHODOLEHUDFLyQGHODXPEHOLIHURQD
HVSHFLH DOWDPHQWH IOXRUHVFHQWH EDQGD GH HPLVLyQ FHQWUDGD D  QP
8WLOL]DQGR HVWD UHDFFLyQ LUUHYHUVLEOH VH SXHGH GHWHFWDU OD SUHVHQFLD GH
1$'+PHGLDQWHHODXPHQWRGHODLQWHQVLGDGGHHPLVLyQIOXRUHVFHQWH

)LJXUD'RVtPHWURIOXRURJpQLFRSDUDODGHWHFFLyQGH1$'+

'RVtPHWURFURPRJpQLFR
)LQDOPHQWHVHSUHVHQWDXQHMHPSORGHGRVtPHWURTXtPLFRDVRFLDGRD
FDPELRV FRORULPpWULFRV (O UHFHSWRU TXH VH PXHVWUD HQ OD ILJXUD 
UHDFFLRQD FRQ HO DQLyQ VXOIXUR GDQGR OXJDU D OD DSHUWXUD GHO FLFOR8QD
DGLFLyQSRVWHULRUGHiFLGRLQGXFHODFLFODFLyQSDUDGDUHOGHULYDGRDQLOLQD
WLRSLULOLR (VWD UHDFFLyQ SURYRFD XQ FDPELR GH FRORU GHVGH HO VLVWHPD
DQLOLQDSLULOLRLQLFLDOGHFRORUPDJHQWDKDVWDHOVLVWHPDDQLOLQDWLRSLULOLRGH
FRORUD]XOORTXHSHUPLWHXQUHFRQRFLPLHQWRYLVXDOGHODQLyQVXOIXUR(VWD
UHDFFLyQHVPX\VHOHFWLYD\VyORWLHQHOXJDUHQSUHVHQFLDGHVXOIXURVSRUOR
TXH RWURV DQLRQHV FRPR IOXRUXUR FORUXUR VXOIDWR \ IRVIDWR QR LQGXFHQ
FDPELRDOJXQRGHFRORU
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)LJXUD'RVtPHWURFURPRJpQLFRHPSOHDGRHQODGHWHFFLyQGHVXOIXUR

6HQVRUHVPROHFXODUHVIOXRURJpQLFRV
([LVWHQGLIHUHQWHVPHFDQLVPRVTXHSHUPLWHQXWLOL]DUODYDULDFLyQGH
ODLQWHQVLGDGGHODHPLVLyQGHIOXRUHVFHQFLDFRPRVHxDOLQGLFDGRUD8QD
SRVLEOH FODVLILFDFLyQ GH HVWRVPHFDQLVPRV PRVWUDGD D FRQWLQXDFLyQ VH
EDVDHQHOSURFHVRHOHFWUyQLFRTXHWLHQHOXJDU
 3RUWUDQVIHUHQFLDHOHFWUyQLFDIRWRLQGXFLGD3(7
 3RUWUDQVIHUHQFLDHOHFUyQLFD(7
 3RUWUDQVIHUHQFLDGHFDUJD&7
  3RUWUDQVIHUHQFLDGHFDUJDIRWRLQGXFLGD3&7
  7UDQVIHUHQFLDGHFDUJDLQWHUQD,&7
  7UDQVIHUHQFLDGHFDUJDPHWDOOLJDQGR0/&7
  7UDQVIHUHQFLDLQWHUQDGHFDUJDFRQWRUVLyQ7,&7
3RUIRUPDFLyQGHVDSDULFLyQGHH[FtPHURV
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 3RUWUDQVIHUHQFLDGHHQHUJtDHOHFWUyQLFD((7
  7UDQVIHUHQFLDGHHQHUJtDSRUUHVRQDQFLD)5(7
 3RUWUDQVIHUHQFLDGHOSURWyQHQHOHVWDGRH[FLWDGR(637
$FRQWLQXDFLyQVHGHVFULELUiQDOJXQRVHMHPSORVGHORVSURFHVRVPiV
FRPXQHVTXHWLHQHQOXJDUHQODTXtPLFDGHORVVHQVRUHVIOXRUHVFHQWHV

3RUWUDQVIHUHQFLDHOHFWUyQLFDIRWRLQGXFLGD3(7photoinduced 
electron transfer\WUDQVIHUHQFLDHOHFWUyQLFD(7electron transfer
(VWHWLSRGHPHFDQLVPRKDVLGRDPSOLDPHQWHXWLOL]DGRHQHOFDPSR
GH ORV VHQVRUHV IOXRUHVFHQWHV /D ILJXUD PXHVWUD FyPR XQ VXVWUDWR
SXHGHFRQWURODUODWUDQVIHUHQFLDGHFDUJDIRWRLQGXFLGD3(7photoinduced 
electron transfer HQ XQ VHQVRU HQ HO TXH HO UHFHSWRU DFW~D FRPR GDGRU
HOHFWUyQLFR SH XQ JUXSR DPLQR \ HO IOXRUyIRUR DFW~D FRPR DFHSWRU
&XDQGRHOIOXRUyIRURVHH[FLWDXQHOHFWUyQGHORUELWDORFXSDGRGHPiVDOWD
HQHUJtD+202VHWUDQVILHUHDORUELWDOQRRFXSDGRGHPiVEDMDHQHUJtD
/802(QHVWHPRPHQWRXQHOHFWUyQSUHVHQWHHQHO+202GHOUHFHSWRU
GDGRUSXHGHSDVDUDRFXSDUODYDFDQWHGHO+202GHOIOXRUyIRURIRU]DQGR
GHHVWDPDQHUDODGHVDFWLYDFLyQQRUDGLDWLYDGHOIOXRUyIRUR\SRUWDQWROD
VXSUHVLyQGHODHPLVLyQGHIOXRUHVFHQFLDILJXUDL]TXLHUGD
(Q PXFKRV VHQVRUHV IOXRUHVFHQWHV EDVDGRV HQ SURFHVRV 3(7 HO
UHFHSWRU FRQVWD GH DPLQDV GH FDUiFWHU DOLIiWLFR R DURPiWLFR TXH DFW~DQ
FRPR GHVDFWLYDGRUHV GH OD IOXRUHVFHQFLD \D TXH HVWH PHFDQLVPR GH
GHVDFWLYDFLyQ VH SURGXFH GHVGH ORV JUXSRV DPLQR D KLGURFDUEXURV
DURPiWLFRVSURGXFLHQGRODGHVDFWLYDFLyQHQODHPLVLyQGHIOXRUHVFHQFLDGH
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HVWH ~OWLPR (O HVWXGLR TXH VH OOHYD D FDER FRQ HVWRV VLVWHPDV HV OD
LQIOXHQFLD GH ³DJHQWHV H[WHUQRV´ VREUH HVD GHVDFWLYDFLyQ GH OD
IOXRUHVFHQFLD3RUHMHPSORFXDQGRHOS+S.DHOSURWyQIRPHQWDUi
OD IOXRUHVFHQFLD \D TXH FXDQGR OD DPLQD VH HQFXHQWUD HQ VX IRUPD
SURWRQDGDHOSDUGHHOHFWURQHVGHOQLWUyJHQRVHHQFXHQWUDLQWHUDFFLRQDQGR
FRQHOSURWyQ\\DQROHHVSRVLEOHLPSHGLUODGHVDFWLYDFLyQGHOHOHFWUyQ
TXHVHHQFXHQWUDHQHO/802GHOIOXRUyIRURILJXUDGHUHFKD/R
PLVPRVXFHGHHQORVFDVRVHQORVTXHHOVXVWUDWRTXHVHTXLHUHUHFRQRFHU
HV XQ PHWDO FRQ OD FDSD GH HOHFWURQHV ³G´ FRPSOHWD QR SDUWLFLSD HQ
SURFHVRV UHGR[ FRPR WDPSRFR OR KDFHQ ORV PHWDOHV DOFDOLQRV ORV
HOHFWURQHVGHORVQLWUyJHQRVGHODSROLDPLQDVHEORTXHDQSRUPHGLRGHVX
SDUWLFLSDFLyQHQHOHQODFHFRQHOFDWLyQ/DGHVDFWLYDFLyQGHOIOXRUyIRURVH
SURGXFHHQWRQFHVPHGLDQWHHPLVLyQGHIOXRUHVFHQFLD

)LJXUD5HFRQRFLPLHQWRFDWLyQLFRPHGLDQWHTXLPLRVHQVRUHVGHWLSR3(7
$XQTXHPXFKRVVLVWHPDVIOXRUHVFHQWHVEDVDGRVHQHVWHPHFDQLVPR
VLJXHQ HO HVTXHPD GHVDUUROODGR DQWHULRUPHQWH H[LVWH XQD DOWHUQDWLYD
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FXDQGRHOVXVWUDWRHVXQPHWDOGHWUDQVLFLyQTXHSUHVHQWDDFWLYLGDGUHGR[
(Q HVWH FDVR VH SXHGH GDU RWUR PHFDQLVPR GH GHVDFWLYDFLyQ GH OD
IOXRUHVFHQFLD FRQRFLGR FRPR WUDQVIHUHQFLD HOHFWUyQLFD (7 TXH VXFHGH
GHVGHHOIOXRUyIRURKDFLDHOPHWDOFRRUGLQDGRRYLFHYHUVD

)LJXUD(IHFWRGHODSUHVHQFLDGHFDWLRQHVFRQWHQGHQFLDUHGXFWRUD$\
R[LGDQWH%VREUHODHPLVLyQGHIOXRUHVFHQFLD
(Q HO FDVR GH FDWLRQHV FRQ FLHUWD WHQGHQFLD UHGXFWRUD ILJXUD
$ HO PHWDO SURSRUFLRQD XQ HOHFWUyQ DO +202 GHO IOXRUyIRUR
LQKLELHQGR OD GHVDFWLYDFLyQ GH VX SURSLR HOHFWUyQ (O HOHFWUyQ TXH VH
HQFXHQWUDHQHO/802VHPLRFXSDGRGHOIOXRUyIRURSXHGHSDVDUKDVWDHO
RUELWDO VHPLRFXSDGR GHOPHWDO SRU UHWURGRQDFLyQ EDFN(7 SURFHVR QR
UDGLDWLYRGHPDQHUDTXHVHUHJHQHUDQORVHVWDGRVIXQGDPHQWDOHVGHFDGD
XQR'HIRUPDSDUHFLGDVXFHGHFRQFDWLRQHVFRQWHQGHQFLDR[LGDQWHILJXUD
% (O HOHFWUyQ H[FLWDGR SDVD DO RUELWDO YDFtR GHO PHWDO \ SRU
UHWURGRQDFLyQYXHOYHDO+202GHOIOXRUyIRUR
&RPRHMHPSORSUiFWLFR GH HVWD FODVH GHPHFDQLVPRV HQ OD ILJXUD
VHPXHVWUDXQVHQVRUPROHFXODU IOXRUHVFHQWHEDVDGRHQXQDFDGHQD
SROLDPtQLFDXQLGDDXQDQWUDFHQRPHGLDQWHXQJUXSRPHWLOHQR(VWHWLSR
GHVLVWHPDVSUHVHQWDXQDJUDQYHUVDWLOLGDGHQFXDQWRDVXDSOLFDFLyQVLHQGR
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XQDGHHOODVVXXVRFRPRPLPpWLFRVGHSXHUWDVOyJLFDVHOHFWUyQLFDV\DTXH
GHSHQGLHQGRGHOPHWDO³LQSXW´VHREWLHQHQGLIHUHQWHVUHVSXHVWDVFRPRVH
SXHGH YHU HQ OD JUiILFD GRQGH VH KD UHSUHVHQWDGR OD LQWHQVLGDG GH OD
HPLVLyQGHIOXRUHVFHQFLDHQIXQFLyQGHOS+\GHOPHWDO0LHQWUDVTXHHO
=Q,,\HO&G,,WLHQHQXQHIHFWR&+()VREUHODHPLVLyQGHIOXRUHVFHQFLD
GHOOLJDQGRFDWLRQHVFRPRHO&X,,\HO1L,,SURYRFDQXQDGHVDFWLYDFLyQ
GHODPLVPD

)LJXUD9DULDFLyQGHODHPLVLyQGHIOXRUHVFHQFLDGHXQOLJDQGRSROLDPtQLFR
HQIXQFLyQGHOS+\GHOFDWLyQPHWiOLFRDGLFLRQDGR

3RUWUDQVIHUHQFLDGHFDUJDIRWRLQGXFLGD3&7
&XDQGRXQIOXRUyIRURFRQWLHQHXQJUXSRHOHFWUyQGDGRUFRQMXJDGR
FRQXQJUXSRHOHFWUyQDFHSWRUVHSXHGHSURGXFLUXQDWUDQVIHUHQFLDLQWHUQD
GH FDUJD ,&7 SRU Internal charge transfer GHVGH HO JUXSR GDGRU DO
DFHSWRUWUDVODH[FLWDFLyQ(VWHWLSRGHVLVWHPDVH[KLEHQQRUPDOPHQWHXQ
GHVSOD]DPLHQWRGH6WRNHVDOWRVRQH[FLWDGRVHQOD]RQDGHOHVSHFWURYLVLEOH
\VXPi[LPRGHHPLVLyQVHYHGHVSOD]DGRFXDQGRVHHQFXHQWUDFRRUGLQDGR
DXQFHQWURPHWiOLFR$GHPiVFXDQGRHOGDGRURHODFHSWRULQWHUDFFLRQD
FRQRWUDVHVSHFLHVVHSURGXFHQFDPELRVHQODVSURSLHGDGHVIRWRItVLFDVGHO
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IOXRUyIRURGHELGRDTXH ODXQLyQHQWUHHO UHFHSWRU\HOPHWDODIHFWDD OD
HILFDFLD GH OD WUDQVIHUHQFLD GH FDUJD LQWUDPROHFXODU 'DGR TXH WDQWR HO
JUXSRUHFHSWRUFRPRHOIOXRUyIRURSXHGHQVHUGDGRUHVRDFHSWRUHVVHYDD
GHVFULELUEUHYHPHQWHODVGRVSRVLELOLGDGHV
&XDQGR XQ JUXSR HOHFWUyQ GDGRU LQWHUDFFLRQD FRQ XQ FDWLyQ YH
UHGXFLGR VX FDUiFWHU GDGRU \PDFURVFySLFDPHQWH VH SXHGH REVHUYDU XQ
GHVSOD]DPLHQWR KDFLD HO D]XO HQ HO HVSHFWUR GH DEVRUFLyQ MXQWR FRQXQD
GLVPLQXFLyQGHOFRHILFLHQWHGHH[WLQFLyQ&RQWUDULDPHQWHDHVWDVLWXDFLyQ
FXDQGRXQFDWLyQVHFRRUGLQDDXQJUXSRHOHFWUyQDFHSWRUVHSURGXFHXQ
DXPHQWRHQHOFDUiFWHUHOHFWUyQDFHSWRUGHO UHFHSWRU ORTXHFRQOOHYDXQ
GHVSOD]DPLHQWR KDFLD HO URMR GHO HVSHFWUR GH DEVRUFLyQ MXQWR FRQ XQ
DXPHQWRGHOFRHILFLHQWHGHH[WLQFLyQ
(VWRV FDPELRV WDPELpQ VH SXHGHQ H[SOLFDU HQ WpUPLQRV GH
LQWHUDFFLyQFDUJDGLSROR&RQVLGHUHPRVSRUHMHPSORHOFDVRHQHOTXHHO
PRPHQWR GLSRODU HQ HO HVWDGR H[FLWDGR HV PD\RU TXH HQ HO HVWDGR
IXQGDPHQWDO&XDQGRHOFDWLyQLQWHUDFFLRQDFRQXQJUXSRHOHFWUyQGDGRUHO
HVWDGRH[FLWDGRVHHQFXHQWUDPiVHVWDELOL]DGRTXHHOHVWDGRIXQGDPHQWDO
ORTXHVHWUDGXFHHQXQGHVSOD]DPLHQWRGHOHVSHFWURGHDEVRUFLyQ\HPLVLyQ
KDFLD HO D]XO ILJXUD  DUULED 3RU HO FRQWUDULR FXDQGR HO FDWLyQ
LQWHUDFFLRQDFRQXQJUXSRHOHFWUyQDFHSWRUHOHVWDGRH[FLWDGRVHHVWDELOL]D
HQPD\RUPHGLGDTXHHOHVWDGRIXQGDPHQWDOSRUORTXHHOGHVSOD]DPLHQWR
GHOHVSHFWURGHDEVRUFLyQ\HPLVLyQVHSURGXFHKDFLDHOURMRILJXUD
DEDMR
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
)LJXUD'HVSOD]DPLHQWRVHVSHFWUDOHVGHELGRVDODLQWHUDFFLyQGHXQJUXSR
HOHFWUyQGDGRUDUULEDRHOHFWUyQDFHSWRUDEDMRFRQXQFDWLyQ
/RVHIHFWRVTXHODLQWHUDFFLyQFRQHOVXVWUDWRWLHQHHQORVHVSHFWURV
GHHPLVLyQGHIOXRUHVFHQFLDGHEHQVHUHQSULQFLSLRORVPLVPRVTXHHQORV
HVSHFWURVGHDEVRUFLyQ$GHPiVMXQWRFRQHOGHVSOD]DPLHQWRGHOPi[LPR
GHHPLVLyQHVXVXDOYHUFDPELRVWDQWRHQORVUHQGLPLHQWRVFXiQWLFRVFRPR
HQORVWLHPSRVGHYLGD7RGRVHVWRVHIHFWRVIRWRItVLFRVQRVRQFRQVWDQWHV
VLQRTXHGHSHQGHQGHODFDUJD\GHOWDPDxRGHOFDWLyQGHODQDWXUDOH]DGHO
VXVWUDWR\SRUWDQWRGHODIXHU]DGHODLQWHUDFFLyQRHQRWUDVSDODEUDVGHO
JUDGRGHVHOHFWLYLGDGGHOUHFRQRFLPLHQWR
&RPR HMHPSOR GH VHQVRUPROHFXODU SDUD FDWLRQHV DOFDOLQRV VH KD
HVFRJLGRHOFULSWDQGRFRQXQLGDGHVLQGROTXHVHPXHVWUDHQODILJXUD
(VWHWLSRGHTXLPLRVHQVRUKDVLGRGLVHxDGRGHPDQHUDHVSHFtILFDSDUDHO
UHFRQRFLPLHQWRLQWUDFHOXODUGHLRQHVVRGLR(QHVWHVLVWHPDODVXQLGDGHVGH
LQGRO DFW~DQ FRPR IOXRUyIRUR \ HO FULSWDQGR HV HO UHVSRQVDEOH GH OD
FRRUGLQDFLyQGHO FDWLyQ VRGLR&XDQGRVHSURGXFHHO UHFRQRFLPLHQWR OD
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EDQGDGHHPLVLyQVLWXDGDLQLFLDOPHQWHDQPVHGHVSOD]DKDFLDQP
DODYH]TXHODLQWHQVLGDGHQODHPLVLyQGHIOXRUHVFHQFLDVHLQFUHPHQWDHQ
XQIDFWRUGH(VWHOLJDQGRSUHVHQWDXQHOHYDGRGHVSOD]DPLHQWRGH6WRNHV
TXHSXHGHH[SOLFDUVHDWUDYpVGHXQDWUDQVIHUHQFLDGHFDUJDIRWRLQGXFLGD
TXHVXFHGHVLPXOWiQHDPHQWH MXQWRFRQXQDURWDFLyQLQWHUQDHQHOHVWDGR
H[FLWDGRORTXHILQDOPHQWHFRQGXFHDXQDWUDQVIHUHQFLDLQWHUQDGHFDUJD
FRQWRUVLyQ7,&7twisted internal charge transfer7UDVODFRRUGLQDFyQ
GHOLyQPHWiOLFRVHSURGXFHXQGHVSOD]DPLHQWRGHOPi[LPRGHHPLVLyQTXH
VH GHEH D OD UHGXFFLyQ GHO FDUiFWHU HOHFWUyQ GDGRU GHO UHFHSWRU \ HQ
SDUWLFXODU GH ORV JUXSRV DPLQR TXH IRUPDQ SDUWH GH OD HVWUXFWXUD GHO
FULSWDQGR

)LJXUD4XLPLRVHQVRUHQHOTXHODXQLGDGUHFHSWRUDWLHQHFDUiFWHUHOHFWUyQ
GDGRUD
$O FRQWUDULR TXH HQ HO HMHPSOR DQWHULRU H[LVWHQ VyOR XQRV SRFRV
FDVRVHQORVTXHHOFDWLyQLQWHUDFFLRQDFRQODSDUWHHOHFWUyQDFHSWRUDGHO
TXLPLRVHQVRU(OHMHPSORTXHVHPXHVWUDHQODILJXUDHVXQRGHHOORV
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\VHEDVDHQHOHPSOHRGHXQpWHUFRURQDXQLGRDXQDFXPDULQD$SHVDUGH
TXHH[LVWHXQDXQLGDGHVSDFLDGRUDHQWUHHOIOXRUyIRUR\HOpWHUFRURQDHVWH
GLVHxRHVGHHVSHFLDOLQWHUpV\DTXHHOFDWLyQLQWHUDFFLRQDGLUHFWDPHQWHFRQ
HOJUXSRHOHFWUyQDFHSWRUSHHOJUXSRFDUERQLOR&RPRFRQVHFXHQFLD
ORV FRPSOHMRV IRUPDGRV VRQ PiV HVWDEOHV HQ FRPSDUDFLyQ FRQ pWHUHV
FRURQD TXH QR SUHVHQWDQ HVWRV iWRPRV FRRUGLQDQWHV H[WHUQRV 'HVGH HO
SXQWRGHYLVWDGHODVSURSLHGDGHVIRWRItVLFDVGHHVWHVLVWHPDFDEHUHFRUGDU
TXHHOPRPHQWRGLSRODUGH ODVDPLQRFXPDULQDVHQHOHVWDGRH[FLWDGRHV
PD\RUTXHHQHOHVWDGRIXQGDPHQWDO\TXHVHSURGXFHXQDWUDQVIHUHQFLDGH
FDUJDIRWRLQGXFLGDGHVGHHOiWRPRGHQLWUyJHQRGHODQLOORGHOpWHUFRURQD
KDFLDHOJUXSRFDUERQLOR&XDQGRHOOLJDQGRFRRUGLQDXQFDWLyQHOHVWDGR
H[FLWDGR VH YH PiV HVWDELOL]DGR TXH HO HVWDGR IXQGDPHQWDO SRU OR TXH
PDFURVFySLFDPHQWH VH REVHUYD XQ GHVSOD]DPLHQWR GH ORV HVSHFWURV GH
DEVRUFLyQ\HPLVLyQKDFLDHOURMR

)LJXUD4XLPLRVHQVRUHQHOTXHODXQLGDGUHFHSWRUDWLHQHFDUiFWHU
HOHFWUyQDFHSWRUD

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3RUIRUPDFLyQGHVDSDULFLyQGHH[FtPHURV
0XFKRVIOXRUyIRURVFRPRHODQWUDFHQRRHOSLUHQRVRQFDSDFHVGH
IRUPDU H[FtPHURV TXH GH QXHYR SXHGHQ VHU GLQiPLFRV R HVWiWLFRV(O
SULPHUFDVRHVHOPiVFRP~Q\DSDUHFHFXDQGRXQIOXRUyIRURHQHOHVWDGR
H[FLWDGR VH FRORFD HVSDFLDOPHQWHPX\ FHUFD GH RWUR QR H[FLWDGR (Q HO
VHJXQGRFDVRODDVRFLDFLyQHQWUHGRVIOXRUyIRURVVHSURGXFHHQHOHVWDGR
IXQGDPHQWDO\DFRQWLQXDFLyQRFXUUHODH[FLWDFLyQGHXQRGHHOORV&XDQGR
OD LQWHUDFFLyQ VH SURGXFH HQWUH XQ IOXRUyIRUR HQ HVWDGR H[FLWDGR \ RWUD
XQLGDGDURPiWLFDGLIHUHQWHHQHOHVWDGRIXQGDPHQWDOVHKDEODGHIRUPDFLyQ
GH H[FLSOHMRV(VWD FODVHGH LQWHUDFFLRQHV VHREVHUYDQ HQ HO HVSHFWURGH
HPLVLyQ\DTXHDGHPiVGHODEDQGDFRUUHVSRQGLHQWHDOPRQyPHURDSDUHFH
XQDQXHYDEDQGDD ORQJLWXGHVGHRQGDPD\RUHV KDFLDHO URMR DQFKD\
FDUHQWHGHHVWUXFWXUD)LJXUD

)LJXUD(VSHFWURGHHPLVLyQGHIOXRUHVFHQFLDTXHPXHVWUDODVEDQGDV
FRUUHVSRQGLHQWHVDOPRQyPHUR\DOH[FtPHUR
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6HKDFRPSUREDGRSRUHOJUDQQ~PHURGHHMHPSORVTXHH[LVWHQHQ
ODOLWHUDWXUDTXHODIRUPDFLyQGHH[FtPHURVHVPX\~WLOSDUDHOGLVHxRGH
VHQVRUHV IOXRUHVFHQWHV 6L OD GLVWDQFLD HQWUH ODV XQLGDGHV IOXRUyIRUDV
SUHVHQWHV HQ HO TXLPLRVHQVRU VH YH DIHFWDGD SRU OD FRRUGLQDFLyQ GHO
VXVWUDWR HO UHFRQRFLPLHQWRGHOPLVPRSXHGHPRQLWRUL]DUVH VLJXLHQGR OD
UHODFLyQ GH LQWHQVLGDGHV GH ODV VHxDOHV GH HPLVLyQ GHOPRQyPHUR\ GHO
H[FtPHURILJXUD

)LJXUD)RUPDFLyQGHXQH[FtPHURWUDVODLQWHUDFFLyQFRQXQVXVWUDWR
6LQHPEDUJRHOUHFRQRFLPLHQWRGHXQVXVWUDWRQRHVHO~QLFRIDFWRU
TXH SXHGH DOWHUDU HO FRPSRUWDPLHQWR IRWRItVLFR GHO H[FtPHUR (O VHQVRU
PROHFXODU IOXRUHVFHQWH TXH VH PXHVWUD HQ OD ILJXUD  FRQVWD GH XQD
FDGHQDSROLDPtQLFDWULSRGDOFRQWUHVXQLGDGHVQDIWDOHQRHQORVH[WUHPRVGH
ODVFDGHQDV(QIXQFLyQGHODWHPSHUDWXUDHVFDSD]GHIRUPDUXQLQWHQVR
H[FtPHUR LQWUDPROHFXODU SRU OR TXH SXHGH DFWXDU FRPR XQ WHUPyPHWUR
PROHFXODU
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
)LJXUD(VTXHPDGHOOLJDQGRSROLDPtQLFRL]TXLHUGD\JUiILFDTXHPXHVWUD
HODXPHQWRGHODIRUPDFLyQGHH[FtPHURFRQODWHPSHUDWXUDGHUHFKD
8QD GH ODV FDUDFWHUtVWLFDV PiV LQWHUHVDQWHV GH HVWH VLVWHPD HV OD
SRVLELOLGDGGHUHJXODU ODDSDULFLyQGHOH[FtPHURYDULDQGRODWHPSHUDWXUD
WDO\FRPRVHPXHVWUDHQODJUiILFD$GHPiVODHPLVLyQGHIOXRUHVFHQFLD
VHSXHGHPRGXODUFRQODFRQVWDQWHGLHOpFWULFDGHOPHGLR\FRQHOJUDGRGH
SURWRQDFLyQGHORVJUXSRVDPLQRSUHVHQWHVHQODVFDGHQDV(VWRVXSRQHOD
SRVLELOLGDGGHXVDUWDQWRHOS+FRPRHOGLVROYHQWHSDUDUHJXODUODUHVSXHVWD
GH HVWH VLVWHPD ([LVWHQ RWURV HMHPSORV HQ ORV TXH VH KDPRGLILFDGR HO
PHGLR HQ HO TXH VH HQFXHQWUD OD PROpFXOD RUJiQLFD SDUD PRGLILFDU OD
UHVSXHVWD IOXRUHVFHQWH GHO H[FtPHUR \D TXH VX IRUPDFLyQ VH SXHGH
PRGLILFDUGHIRUPDGUiVWLFDVLORVHVWXGLRVVHKDFHQHQGLVROXFLyQDFXRVD
RHQJHOHV 
$ORODUJRGHODV~OWLPDVSiJLQDVVHKDPRVWUDGRXQHMHPSORSUiFWLFR
SDUD FDGD WLSR GH SURFHVR IRWRTXtPLFR TXH SXHGH GDUVH GXUDQWH HO
UHFRQRFLPLHQWRGHXQVXVWUDWR6LQHPEDUJRHVQHFHVDULRUHVDOWDUTXHHVWRV
SURFHVRV QR VRQ LQGHSHQGLHQWHV \ SXHGHQ FRPELQDUVH HQWUH Vt (Q HO
VLJXLHQWHHMHPSORGHVDUUROODGRSRU6DNXUDLet alVHSURGXFHWUDQVIHUHQFLD
GHFDUJDIRWRLQGXFLGDMXQWRFRQODIRUPDFLyQGHH[FtPHURILJXUD(O


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TXLPLRVHQVRU VH EDVD HQ ODPRGLILFDFLyQ GH XQ D]DpWHU FRURQD FRQ GRV
JUXSRV SLUHQR /D FRRUGLQDFLyQ GH XQPHWDO SURGXFH XQ DXPHQWR HQ OD
HPLVLyQGHELGRDODUHGXFFLyQGHOSURFHVR3(7GHVGHHOiWRPRGHQLWUyJHQR
D ORV JUXSRV SLUHQR \ DGHPiV SURGXFH FDPELRV HQ OD UHODFLyQ GH
LQWHQVLGDGHVHQWUHHOPRQyPHUR\HOH[FtPHUR6HKDFRPSUREDGRTXHOD
UHODFLyQPRQyPHURH[FtPHURGHSHQGHHQJUDQPHGLGDGHODQDWXUDOH]DGHO
LyQ PHWiOLFR (QWUH ORV LRQHV PHWiOLFRV LQYHVWLJDGRV VH REWXYLHURQ ODV
FRQVWDQWHVGHHVWDELOLGDGPiVDOWDVSDUDORVFRPSOHMRVFRQ.\%DGH
DFXHUGRFRQHOWDPDxRGHHVWRVFDWLRQHVUHVSHFWRDOGLiPHWURGHOpWHU56

)LJXUD(VWUXFWXUDGHOTXLPLRVHQVRUTXH³VXIUH´3(7MXQWRFRQOD
IRUPDFLyQGHH[FtPHURVDOFRRUGLQDUVHFRQFDWLRQHV
$XQTXHKDVWDHOPRPHQWRVHKDQFRQVHJXLGRJUDQGHVHLPSRUWDQWHV
DYDQFHV HQ HO FDPSRGHO UHFRQRFLPLHQWR HO XVR HQ ORV~OWLPRV DxRVGH
DUTXLWHFWXUDV PiV FRPSOHMDV X RUJDQL]DGDV HVWi SHUPLWLHQGR VXSHUDU
PXFKDVGHODVOLPLWDFLRQHVTXHDSDUHFtDQDOWUDEDMDUFRQORVOLJDQGRVHQ
GLVROXFLyQ FRPR OD EDMD IRWRHVWDELOLGDG GH ORV IOXRUyIRURV HO EDMR
UHQGLPLHQWRFXiQWLFRGHORVPLVPRVODUHGXFLGDVROXELOLGDGHQDJXD\SRU
WDQWRODLPSRVLELOLGDGGHWUDEDMDUHQFRQGLFLRQHVILVLROyJLFDVSDUDUHDOL]DU
HVWXGLRVin vitroHin vivo
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'HELGRDODQHFHVLGDGGHFUHDUHVWUXFWXUDVRUJDQL]DGDVHQODVTXHORV
UHFHSWRUHVVHGLVSRQJDQGHPDQHUDRUGHQDGD\TXHDOPLVPRWLHPSRVLUYDQ
GH YHKtFXOR R GH SODWDIRUPD SDUD ODVPROpFXODV DFWLYDV HQ DSOLFDFLRQHV
ELRPpGLFDVVHKDSURGXFLGRXQJUDQGHVDUUROORHQHOiUHDGHORVPDWHULDOHV
(VWRVQXHYRVVLVWHPDVVHEDVDQSRUHMHPSORHQODLQWURGXFFLyQRHOHPSOHR
GHSROtPHURVFRQMXJDGRV&3TXDQWXP'RWV4'V\QDQRSDUWtFXODVGH
VtOLFH\RURGRSDGDVFRQHVSHFLHVOXPLQLVFHQWHVHQWUHRWURV

6HQVRUHVySWLFRVEDVDGRVHQPDWHULDOHVQDQRHVWUXFWXUDGRV
(OGHVDUUROORGHQXHYRVPDWHULDOHVKtEULGRVRUJiQLFRLQRUJiQLFRVHV
XQRGH ORV FDPSRVPiV DWUDFWLYRV\ HPHUJHQWHVGHQWURGH OD FLHQFLDGH
PDWHULDOHVHQORV~OWLPRVDxRV1RVyORHVSRVLEOHFRQWURODUHOWDPDxROD
IRUPDRHOiUHDVXSHUILFLDOGHORVPDWHULDOHVQDQRHVWUXFWXUDGRVVLQRTXH
WDPELpQVHSXHGHWHQHUXQFRQWUROGHODTXtPLFDLQWHUIDFLDOFRQWURODQGRODV
SURSLHGDGHV TXtPLFDV \ ItVLFDV VXSHUILFLDOHV GHOPDWHULDO*UDFLDV D XQD
DGHFXDGDFRPELQDFLyQHQWUHORVGLIHUHQWHVFRPSRQHQWHVTXHFRQVWLWX\HQ
HOHQWUDPDGRKtEULGRVHSXHGHQFRQMXJDUODVSURSLHGDGHVGHFDGDXQRGH
HOORVGHPDQHUDLQGLYLGXDOHLQFOXVRHQDOJXQRVFDVRVHOPDWHULDOSXHGH
FRQIHULU SURSLHGDGHV DGLFLRQDOHV R LQFOXVR DPSOLILFDU OD UHVSXHVWD GHO
VLVWHPDPROHFXODU
&RPRVHKDFRPHQWDGRHQHODSDUWDGRDQWHULRU OD IRWRTXtPLFDKD
DWUDtGRHOLQWHUpVGHLQYHVWLJDGRUHVGHGLIHUHQWHVFDPSRVWDQWRHQHODVSHFWR
WHyULFRFRPRHQODDSOLFDFLyQSUiFWLFD3RUWDQWRQRHVQDGDVRUSUHQGHQWH
HOHQRUPHGHVDUUROORTXHHVWiVXIULHQGRHVWHFDPSRDORODUJRGHORV~OWLPRV
DxRV (Q SDUWLFXODU HO LQWHUpV VH HVWi GHVSOD]DQGR GHVGH HO HVWXGLR GH
VLVWHPDVSXUDPHQWHPROHFXODUHVKDFLD DUTXLWHFWXUDV VXSUDPROHFXODUHV\
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PiV UHFLHQWHPHQWH KDFLD QDQRHVWUXFWXUDV GRQGH ODV LQWHUDFFLRQHV
LQWHUPROHFXODUHVSXHGHQFRQGXFLUDGLVSRVLWLYRVIRWRTXtPLFRVIXQFLRQDOHV
GHWDPDxRQDQRPpWULFR
/D QDQRWHFQRORJtD HV XQD FLHQFLD HPHUJHQWH TXH H[SORWD ODV
SURSLHGDGHV \ FDUDFWHUtVWLFDV ~QLFDV GH GLIHUHQWHV PDWHULDOHV D HVFDOD
QDQRPpWULFD(QHVWHFRQWH[WRODVQDQRSDUWtFXODVUHSUHVHQWDQXQRGHORV
SULQFLSDOHVSXQWRVGHLQWHUpV\DTXHHVWRVVLVWHPDVWLHQHQDSOLFDFLRQHVHQ
GLIHUHQWHVFDPSRVFRPRODHOHFWUyQLFDODRSWRHOHFWUyQLFDODELRPHGLFLQD
ODFDWiOLVLV\ODFLHQFLDGHPDWHULDOHV(QUHODFLyQFRQODELRPHGLFLQDXQR
GHORVREMHWLYRVSULQFLSDOHVHQHOFDPSRGHODVQDQRSDUWtFXODVIRWRDFWLYDV
HV HO GHVDUUROOR GH QDQRVLVWHPDV TXH SXHGDQ DFWXDU FRPR DJHQWHV GH
FRQWUDVWHELROyJLFRSDUWLFLSDUHQHOGLDJQyVWLFRPpGLFR\RHQHOSRVWHULRU
WUDWDPLHQWRWHUDSpXWLFRILJXUD

)LJXUD9LVLyQJHQHUDOGHODVSRVLEOHVDSOLFDFLRQHVGHODVQDQRSDUWtFXODV
,PDJHQWRPDGDGHUHID

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1DQRSDUWtFXODVXWLOL]DGDVHQELRLPDJHQ\GHWHFFLyQ
+R\ HQ GtD H[LVWHQ HVSHFLHV OXPLQLVFHQWHV GH QDWXUDOH]D PX\
GLYHUVD(QWUHODVPiVXVDGDVSDUDDSOLFDFLRQHVELRPpGLFDVRGLULJLGDVDO
FDPSR GH OD GHWHFFLyQ VH HQFXHQWUDQ ODV RUJiQLFDV RUJDQRPHWiOLFDV
SROLPpULFDVRSURWHLFDV6LQHPEDUJRKD\TXHGHVWDFDUTXHHQHVWDFODVH
GH DSOLFDFLRQHV ORV IOXRUyIRURV HVWiQ H[SXHVWRV D XQD JUDQ YDULHGDG GH
DPELHQWHVDJUHVLYRV\DPHQXGRVXIUHQGHVGHIRWRGHVFRPSRVLFLyQKDVWD
XQDGHVDFWLYDFLyQGHODHPLVLyQGHIOXRUHVFHQFLDGHELGRDODLQWHUDFFLyQ
FRQPROpFXODVGHGLVROYHQWH\HVSHFLHVUHDFWLYDVFRPRHOR[tJHQRRLRQHV
GLVXHOWRVHQODGLVROXFLyQ'HELGRDHVWRHOXVRGHIOXRUyIRURVSDUDHQVD\RV
FHOXODUHV in vivo WLHQH XQ JUDQ Q~PHUR GH OLPLWDFLRQHV SRU OR TXH HV
QHFHVDULREXVFDUDOWHUQDWLYDVGHFDUDDPHMRUDUWDQWRVXHVWDELOLGDGFRPR
VXVHQVLELOLGDG
8QDSRVLEOHHVWUDWHJLDSDUDHYLWDUHVWRVLQFRQYHQLHQWHVHVHOXVRGH
QDQRSDUWtFXODV \D TXH RIUHFHQ XQ HQWRUQR SURWHFWRU GRQGH ODV HVSHFLHV
DFWLYDV QR VH YHQ DIHFWDGDV SRU DJHQWHV H[WHUQRVGH PDQHUD TXH VRQ
PHQRVVHQVLEOHVDOPHGLRTXHORVURGHDHQFRPSDUDFLyQDORVIOXRUyIRURV
RUJiQLFRVDLVODGRV
/DVQDQRSDUWtFXODVVHSXHGHQVLQWHWL]DUYDULDQGRVXIRUPD\WDPDxR
GHPDQHUDTXHWHQJDQGLIHUHQWHVUHODFLRQHVVXSHUILFLHYROXPHQ\XQDYH]
PRGLILFDGDVFRQODVPROpFXODVGHLQWHUpVVHSXHGHRSWLPL]DUODUHODFLyQ
VHxDOUXLGRGHPDQHUDTXHVHDFRPSDUDEOHDODREWHQLGDFRQODVPROpFXODV
RUJiQLFDVOLEUHV6HSXHGHQIXQFLRQDOL]DUGHPDQHUDTXHODGHWHFFLyQGH
VXVWUDWRVVHUHDOLFHWDQWRSRUWpFQLFDVGHHVSHFWURVFRStDGHIOXRUHVFHQFLD
FRPR89YLVLEOH
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8QDGHODVDSOLFDFLRQHVPiVGHVDUUROODGDVHQORV~OWLPRVDxRVVHEDVDHQ
HO HPSOHR GH QDQRSDUWtFXODV SDUD GLDJQRVLV \ WUDWDPLHQWRV GH
HQIHUPHGDGHV\DTXHVHSXHGHQPRGLILFDUFRQIiUPDFRV\ELRPROpFXODV
GH LQWHUpV IDUPDFROyJLFR FRPR DQWLFXHUSRV SURWHtQDV HWF  (VWDV
QDQRSDUWtFXODVIXQFLRQDOL]DGDVFRQHOIiUPDFRLQFOXVRVHSXHGHQGLULJLUGH
IRUPDVHOHFWLYDDO OXJDUGHDFFLyQPHGLDQWH OD LQFRUSRUDFLyQDODSURSLD
QDQRSDUWtFXODGHDQWLFXHUSRVFRQ ORTXHDGHPiVGHKDFHUPiVHILFD] OD
OOHJDGD GHO IiUPDFR VH OH SURWHJH GH SRVLEOHV GHJUDGDFLRQHV HQ HO
RUJDQLVPR/DILJXUDHVTXHPDWL]DODYHUVDWLOLGDGGHHVWRVVLVWHPDV
UHVXPLHQGR XQ FRQMXQWR GH SURSLHGDGHV GHVHDEOHV HQ XQD QDQRSDUWtFXOD
PXOWLIXQFLRQDO

)LJXUD'LVHxRGHXQDQDQRSDUWtFXODPXOWLIXQFLRQDOTXHFRQVWDGHXQLGDGHV
UHFHSWRUDVXQLGDGHVVHxDOL]DGRUDVIiUPDFRV\DQWLFXHUSRV
(O XVR GH QDQRSDUWtFXODV HQ OD VtQWHVLV GH TXLPLRVHQVRUHV
OXPLQLVFHQWHV KtEULGRV WLHQH TXH FXPSOLU FLHUWRV UHTXLVLWRV EiVLFRV (O
PDWHULDOGHEHVHUTXtPLFDPHQWHHVWDEOHFRPSDWLEOHFRQHOPHGLRHQHOTXH
VHYDDXVDU\GHEHSUHVHQWDUSURSLHGDGHVIRWRItVLFDVTXHQRGHSHQGDQGHO
HQWRUQR R GH XQ DQDOLWR HVSHFtILFR 6L VH EXVFDQ ILQHV FRPHUFLDOHV OD
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VtQWHVLVGHEHVHUVHQFLOOD\ORVPDWHULDOHVGHSDUWLGDGHEHQWHQHUXQEDMR
FRVWH\SRU~OWLPRHQHOFDVRGHDSOLFDFLRQHVPpGLFDVHVPX\LPSRUWDQWH
TXHVHDQELRFRPSDWLEOHV
(QODILJXUDVHUHFRJHQYDULRVHMHPSORVGHVLVWHPDVVyOLGRVTXH
SXHGHQ HPSOHDUVH HQ HO GLVHxR GH VLVWHPDV KtEULGRV IOXRUHVFHQWHV
QDQRSDUWtFXODV VXSHUILFLHV QDQRWXERV HWF &DGD XQR GH HOORV WLHQH VXV
YHQWDMDVHLQFRQYHQLHQWHVVHJ~QODILQDOLGDGTXHVHEXVTXHSRUORTXHD
FRQWLQXDFLyQ VH SUHVHQWD XQD EUHYH GHVFULSFLyQ GH HOORV KDFLHQGR PiV
KLQFDSLpHQORVTXHVHUiQXWLOL]DGRVHQODSUHVHQWHPHPRULDGHWHVLV

)LJXUD7LSRVGHVRSRUWHV

4XDQWXPGRWV
/RV VLVWHPDV OODPDGRV TXDQWXP GRWV 4'V VH GHVDUUROODURQ D
SULQFLSLRV GH  (VWRV FOXVWHUV DWyPLFRV VH GHILQHQ FRPR
KHWHURHVWUXFWXUDV OXPLQLVFHQWHV GH HVFDOD QDQRPpWULFD  QP TXH
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FRQWLHQHQ GHVGH XQRV FLHQWRV D XQRV PLOHV GH iWRPRV GH XQ PDWHULDO
VHPLFRQGXFWRUFRPRHO&G6H&G6 ,Q3R ,Q$V(VWDVQDQRSDUWtFXODVVH
SXHGHQUHFXEULUGHXQDFDSDDGLFLRQDOGHVXOIXURGH]LQFSDUDPHMRUDUVXV
SURSLHGDGHVySWLFDVFRPRHOEULOORRODIRWRHVWDELOLGDG6HKDFRPSUREDGR
TXH HQ ORVPDWHULDOHV FRQ DUTXLWHFWXUD Q~FOHRHQYROWXUD core-shell ORV
SURFHVRVGH IRWRGHVFRPSRVLFLyQGH ODXQLGDGHPLVLYD VH HYLWDQHQJUDQ
PHGLGD
/DVSURSLHGDGHVySWLFDVGHORV4'VVRQPX\FDUDFWHUtVWLFDVHPLWHQ
HQ XQ LQWHUYDOR GH HPLVLyQ HVWUHFKR WLHQHQ XQ FRHILFLHQWH GH H[WLQFLyQ
PRODUH\XQUHQGLPLHQWRFXiQWLFR)DOWRSUHVHQWDQWLHPSRVGHYLGD
HOHYDGRV \ HQ FRPSDUDFLyQ FRQ ODV PROpFXODV RUJiQLFDV IOXRUHVFHQWHV
WtSLFDV WLHQHQ XQD HVWDELOLGDG DOWD$GHPiV OD HQHUJtD GH ORV HVWDGRV
H[FLWDGRVGHSHQGHQRVyORGHOPDWHULDOTXHORVFRPSRQHVLQRWDPELpQGHO
WDPDxRGHSDUWtFXODFRPRVHSXHGHYHUHQODILJXUD

)LJXUD(PLVLyQGHIOXRUHVFHQFLDGHquantum dotsGH&G6H$H
LOXVWUDFLyQGHODGHSHQGHQFLDGHOWDPDxRFRQODHPLVLyQ%
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$SHVDUGHODVSURSLHGDGHVySWLFDVGHVFULWDVDQWHULRUPHQWHORV4'V
SUHVHQWDQ XQD JUDQ GHVYHQWDMD IUHQWH D RWURV VLVWHPDV \ HV TXH QR VH
GLVSHUVDQ ELHQ HQ DJXD OR TXH LPSRVLELOLWD VX DSOLFDFLyQ HQ PHGLRV
WRWDOPHQWH DFXRVRV 6H HVWi WUDEDMDQGR HQ OD PRGLILFDFLyQ GH OD FDSD
VXSHUILFLDOSDUDKDFHUORVVROXEOHVHQDJXDIDFLOLWDQGRDVtVXFRQMXJDFLyQ
FRQELRPROpFXODV\SHUPLWLHQGRVXDSOLFDFLyQHQWpFQLFDVGHELRLPDJHQ
$XQTXHHVFLHUWRTXHH[LVWHQGLIHUHQWHVPpWRGRVSDUDKDFHUELRFRPSDWLEOHV
DHVWRVVLVWHPDVHLQFOXVRSDUDLQWURGXFLUFLHUWDHVSHFLILFLGDGHQORVJUXSRV
GHXQLyQPXFKRVWUDEDMRVKDQVLGRSXEOLFDGRVH[SRQLHQGRHOXVRGH4'V
FRPRKHUUDPLHQWDSDUDHOGLDJQyVWLFRin vitroHin vivoH[LVWHQDOJXQRV
LQFRQYHQLHQWHVDODKRUDGHH[SDQGLURFRPHUFLDOL]DUVXXVRVLHQGRTXL]i
HOPiVLPSRUWDQWHVXFLWRWR[LFLGDG8QRGHORVHOHPHQWRVPiVDEXQGDQWHV
HQHVWRVQDQRFULVWDOHVHVHOFDGPLRGHOTXHVHFRQRFHSHUIHFWDPHQWHVX
WR[LFLGDGSRUORTXHHVFUtWLFRFRQRFHUVLSXHGHOLEHUDUVHGHORV4'VFRQ
HO SDVR GHO WLHPSR DO LUUDGLDUODV R DO VXIULU SURFHVRV GH R[LGDFLyQ 'H
KHFKRH[LVWHFLHUWDFRQWURYHUVLDVREUHODFLWRWR[LFLGDGGHHVWRVVLVWHPDV\D
TXHPLHQWUDV HV SRVLEOH HQFRQWUDU WUDEDMRV GRQGH QR VH KD REVHUYDGR
H[LVWHQHMHPSORVPiVQXPHURVRVTXHGHPXHVWUDQ OD WR[LFLGDGGHHVWRV
VLVWHPDV(QORV~OWLPRVDxRVVHKDWUDEDMDGRH[WHQVDPHQWHHQVXSHUDU
HVWDVOLPLWDFLRQHV\YDULRVHMHPSORVGH4'VELRFRPSDWLEOHVEDVDGRVHQ
SURFHVRV)5(7KDQDSDUHFLGRHQODELEOLRJUDItD

1DQRSDUWtFXODVGHRUR
$OUHGHGRUGHVXUJLHURQYDULRVPpWRGRVSDUDODSUHSDUDFLyQGH
ODVSULPHUDVQDQRSDUWtFXODVGHRUR$X13VFRORLGDOHV\GHHQWUHWRGRV
HOORVFDEHGHVWDFDUHOPpWRGRGHVDUUROODGRSRU%UXVW\6FKLIIULQHQ
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\D TXH VXSXVR OD VtQWHVLV SRU SULPHUD YH] GH QDQRSDUWtFXODV GH RUR GH
WDPDxRFRQWURODGR\KRPRJpQHRHVWDEOHVDODLUH\DODWHPSHUDWXUD
/DVQDQRSDUWtFXODVGHRURPXHVWUDQXQDEDQGDGHDEVRUFLyQLQWHQVD
HQOD]RQDYLVLEOHGHOHVSHFWURHOHFWURPDJQpWLFRTXHVHFRQRFHFRPREDQGD
GHSODVPyQGHVXSHUILFLH63%UHVSRQVDEOHGHTXHODVGLVROXFLRQHVTXH
FRQWLHQHQQDQRSDUWtFXODVGHRURWHQJDQXQFRORUURMRLQWHQVR/D63%HV
GHELGDDODRVFLODFLyQFROHFWLYDGHORVHOHFWURQHVPyYLOHVHQODVXSHUILFLH
GHODVQDQRSDUWtFXODVTXHVHSURGXFHSRUHOFDPSRHOHFWURPDJQpWLFRGHOD
OX]LQFLGHQWH\TXHKDVLGRGHVFULWDSRUODWHRUtDGH0LH\HVWXGLDGDSRU
PXFKRVDXWRUHV(OPi[LPRGH OD63%\ ODDQFKXUDGH ODEDQGDVHYHQ
LQIOXHQFLDGDVSRUXQDVHULHGHIDFWRUHVFRPRVRQHOWDPDxR\ODIRUPDGH
ODSDUWtFXODHOGLVROYHQWHODWHPSHUDWXUDODPRUIRORJtDGHORVDJUHJDGRV
ODIXQFLRQDOL]DFLyQGHODVXSHUILFLHODVSURSLHGDGHVGLHOpFWULFDV\HOtQGLFH
GHUHIUDFFLyQGHOPHGLR77
(VWRVGHVSOD]DPLHQWRVGHOD63%SXHGHQDSOLFDUVHGHPDQHUDPX\
LQWHUHVDQWH DO FDPSR GH ORV VHQVRUHV ySWLFRV GH LRQHV PROpFXODV R
PDFURPROpFXODV$VtSRUHMHPSORVHKDQXWLOL]DGRQDQRSDUWtFXODVGHRUR
PRGLILFDGDV VXSHUILFLDOPHQWH FRQ pWHUHV FRURQD HQ OD GHWHFFLyQ
FRORULPpWULFDGHSRWDVLR/DFRRUGLQDFLyQGHORVFDWLRQHVSRWDVLRSRUORV
pWHUHV FRURQD SHUWHQHFLHQWHV D GLIHUHQWHV QDQRSDUWtFXODV SURYRFD XQD
DJUHJDFLyQGHODVPLVPDVGDQGROXJDUDXQFDPELRGHFRORUDFLyQGHVGHHO
URMRDOD]XO(QODILJXUDVHHVTXHPDWL]DHOSURFHVRGHFRRUGLQDFLyQ
\ORVFDPELRVySWLFRVTXHOOHYDDVRFLDGRODGHWHFFLyQFDWLyQLFD/DHOHYDGD
VHQVLELOLGDG GH HVWH VHQVRU FRORULPpWULFR KDFLD . HQ DJXD HV
SUREDEOHPHQWHGHELGDSRUXQODGRDODFRRSHUDWLYLGDGGHORVpWHUHVFRURQD
VLWXDGRVHQODVXSHUILFLHGHODVQDQRSDUWtFXODV\SRURWURDODVDWUDFFLRQHV
LQWHUSDUWtFXODSRUIXHU]DVGHYDQGHU:DDOVTXHVRQHVSHFLDOPHQWHIXHUWHV
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HQWUHODVQDQRSDUWtFXODVGHRURSRUODHOHYDGDSRODUL]DELOLGDGGHORVQ~FOHRV
PHWiOLFRV

)LJXUD$JUHJDFLyQGHQDQRSDUWtFXODVGHRURLQGLYLGXDOHVL]TXLHUGD
GHELGDDODFRRUGLQDFLyQGHSRWDVLRLQGXFHXQGHVSOD]DPLHQWRGHOD63%KDFLDHO
URMRGHUHFKD
/DV GLVROXFLRQHV FRORLGDOHV GH QDQRSDUWtFXODV GH RUR PXHVWUDQ
DOJXQDV YHQWDMDV IUHQWH D ORV 4'V \D TXH QR VXIUHQ SURFHVRV GH
IRWRGHVFRPSRVLFLyQQRVRQ LQWUtQVHFDPHQWH Wy[LFDV GHKHFKRHORURHV
XQRGHORVSRFRVPHWDOHVTXHQRHVUHFKD]DGRSRUHOFXHUSRKXPDQRVL
ELHQ OD DFXPXODFLyQ GH RUR Vt SURGXFH WR[LFLGDG FRQ HO WLHPSR VRQ
UD]RQDEOHPHQWH HVWDEOHV \ SXHGHQ DOPDFHQDUVH VLHPSUH TXH VHD HQ XQ
DPELHQWH VHFR 6LQ HPEDUJR HQ FXDQWR D SURSLHGDGHV OXPLQLVFHQWHV VH
SXHGHQ HQFRQWUDU DOJXQDV GHVYHQWDMDV \D TXH HQ SULQFLSLR ODV
QDQRSDUWtFXODVGHRURSXHGHQ LQKLELU OD HPLVLyQGH IOXRUHVFHQFLD GH ORV
IOXRUyIRURVVLWXDGRVHQODVXSHUILFLHGHODQDQRSDUWtFXOD$GHPiVVHKD
GHPRVWUDGRTXHODVYHORFLGDGHVGHORVSURFHVRVUDGLDWLYRV\QRUDGLDWLYRV
GHSHQGHQGHPDQHUDFUtWLFDGHOWDPDxRODIRUPDGHODVQDQRSDUWtFXODVOD
GLVWDQFLDHQWUHORVIOXRUyIRURVSUHVHQWHVHQODVXSHUILFLHODRULHQWDFLyQGHO
GLSRORUHVSHFWRGHOHMHIOXRUyIRURQDQRSDUWtFXOD\HOVRODSDPLHQWRHQWUHHO
HVSHFWURGHDEVRUFLyQGHOIOXRUyIRUR\GHODVSURSLDVQDQRSDUWtFXODVE
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(V LPSRUWDQWH WHQHU HQ FXHQWD OD JUDQ YDULHGDG GH IDFWRUHV TXH
DIHFWDQ D OD OXPLQLVFHQFLD D OD KRUD GH WUDEDMDU FRQ HVWH WLSR GH
QDQRSDUWtFXODVHQHOGLVHxRGHTXLPLRVHQVRUHVKtEULGRV

1DQRWXERVGHFDUERQR
$XQTXH ORV QDQRWXERV GH FDUERQR &17V QR VRQ HVWULFWDPHQWH
VLVWHPDVQDQRSDUWLFXODGRVVtHQWUDQGHQWURGHODFODVLILFDFLyQGHVLVWHPDV
QDQRHVWUXFWXUDGRV FRQ XQD JUDQ VXSHUILFLH GLVSRQLEOH SDUD VX
PRGLILFDFLyQ)XHURQGHVFXELHUWRVHQ-DSyQSRU6 ,LMLPDHQHQHO
WUDQVFXUVRGHVXWUDEDMRGHLQYHVWLJDFLyQVREUHIXOOHUHQRV83/RVQDQRWXERV
GHFDUERQRHVWiQFRQVWLWXLGRVSRUUHGHVKH[DJRQDOHVGHFDUERQRFXUYDGDV
\ FHUUDGDV IRUPDQGR WXERV GH WDPDxR QDQRPpWULFR FRQ XQD VHULH GH
FDUDFWHUtVWLFDV TXH KDQ GHVSHUWDGR XQ JUDQ LQWHUpV HQ QXPHURVDV
DSOLFDFLRQHVWHFQROyJLFDV8QDGHVXVSURSLHGDGHVPiVLQWHUHVDQWHVHVOD
DOWDFDSDFLGDGGHHPLVLyQGHHOHFWURQHVORTXHVHKDXWLOL]DGRSDUDIDEULFDU
IXHQWHV GH HOHFWURQHV SDUD PLFURVFRSLRV HOHFWUyQLFRV 'HELGR D HVWDV
FDUDFWHUtVWLFDV HO JUDIHQR HVWi VLHQGR XWLOL]DGR FRPR VRSRUWH HQ OD
IDEULFDFLyQGHELRVHQVRUHV
8QHMHPSORGHOXVRGHQDQRWXERVGHFDUERQRHQHO FDPSRGH ORV
ELRVHQVRUHV VH PXHVWUD HQ OD ILJXUD  8QD PRQRKHEUD GH $'1
PRGLILFDGDHQODSRVLFLyQ¶FRQXQDPROpFXODGHIOXRUHVFHtQDVHHQFXHQWUD
LQWHUDFFLRQDQGRFRQODVXSHUILFLHGHOQDQRWXERGHFDUERQRGHPDQHUDTXH
OD HPLVLyQ GH IOXRUHVFHQFLD HVWi GHVDFWLYDGD &XDQGR VH DGLFLRQD OD
VHFXHQFLDGHROLJRQXFOHyWLGRVFRPSOHPHQWDULDDODILEUDTXHVHHQFXHQWUD
HQODVXSHUILFLHGHOQDQRWXERVHSURGXFHODKLEULGDFLyQHQWUHODVVHFXHQFLDV
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GH ROLJRQXFOHyWLGRV FRPSOHPHQWDULDV OLEHUDQGR HO QDQRWXER D OD
GLVROXFLyQ\UHFXSHUDQGRODHPLVLyQGHODIOXRUHVFHtQD
 
)LJXUDD(VTXHPDGHOHQVD\RGHGHVSOD]DPLHQWRE(QVD\RGH
GHVSOD]DPLHQWRGHOVLVWHPDROLJRQXFOHyWLGR¶IOXRUHVFHtQDVREUHHO&17OtQHD
GLVFRQWLQXDDODGLFLRQDUFDQWLGDGHVFUHFLHQWHVGHROLJRQXFOHyWLGR
FRPSOHPHQWDULR0LQLDWXUDPi[LPRGHHPLVLyQFRUUHVSRQGLHQWHDOD
IOXRUHVFHtQDIUHQWHDODFRQFHQWUDFLyQGH



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0RQRFDSDVDXWRHQVDPEODGDVVREUHVXSHUILFLHVGHYLGULR
/DV PRQRFDSDV DXWRHQVDPEODGDV 6$0V VRQ FRQMXQWRV
PROHFXODUHVIRUPDGRVHVSRQWiQHDPHQWHHQODVXSHUILFLHGHXQYLGULRSRU
DGVRUFLyQORTXHSURYRFDTXHODVPROpFXODVQRVHHQFXHQWUHQGLVSXHVWDV
GHPDQHUDKRPRJpQHDVREUHODVXSHUILFLHVLQRRUJDQL]DGDVHQGRPLQLRV
RUGHQDGRV GH GLIHUHQWHV WDPDxRV (O VRSRUWH TXH VH HPSOHD HV HVWRV
VLVWHPDV QR SRVHH GLPHQVLRQHV FRQWURODEOHV D HVFDOD QDQRPpWULFD SHUR
LPSOLFDGHLJXDOPRGRXQDXWRHQVDPEODMHGHPRQRFDSDVPROHFXODUHVVREUH
XQD VXSHUILFLH ORTXH WDPELpQSXHGHGDU OXJDU D OD DSDULFLyQGHHIHFWRV
FROHFWLYRV$VtSRUHMHPSORHQXQWUDEDMRGH&UHJR&DODPD\5HLQKRXGW
VHGHVFULEHODGHWHFFLyQPHGLDQWHIOXRUHVFHQFLDGHFDWLRQHVPHWiOLFRVHQOD
VXSHUILFLHGHXQD6$0HQYLGULRVLQQHFHVLGDGGHTXHODVXEXQLGDGHPLVRUD
LQFRUSRUH XQ UHFHSWRU HVSHFtILFR SDUD ORV FDWLRQHV6LQ HPEDUJR HVWRV
VLVWHPDVWLHQHQODGHVYHQWDMDGHTXHSUHVHQWDQXQDVXSHUILFLHPX\SHTXHxD
PLHQWUDVTXHHQHO FDVRGH ODVQDQRSDUWtFXODV OD VXSHUILFLHHVSHFtILFDHV
PXFKRPD\RUORTXHSHUPLWHLQFRUSRUDUXQPD\RUQ~PHURGHOLJDQGRV\
SRUWDQWRREWHQHUXQDPD\RUVHQVLELOLGDGHQODUHVSXHVWD

Ï[LGRV,QRUJiQLFRV
8QR GH ORV VLVWHPDV PiV GHVDUUROODGRV SDUD VX HPSOHR FRPR
PDWHULDOHV OXPLQLVFHQWHV VRQ ODV QDQRSDUWtFXODV GH y[LGRV LQRUJiQLFRV
PDJQHWLWD VtOLFH DOXPLQRVLOLFDWRV HWF (VWRV VLVWHPDV KDQPRVWUDGR XQ
JUDQ Q~PHUR GH YHQWDMDV IUHQWH DO XVR WUDGLFLRQDO GH PROpFXODV
IOXRUHVFHQWHV WDQWR HQ HO GLVHxR GH ELRVHQVRUHV  LQPXQRHQVD\RV 
DQiOLVLV GH iFLGRV QXFOHLFRV  OLEHUDFLyQ GH IiUPDFRV  R WHUDSLD
JHQpWLFD
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([LVWHQ GLIHUHQWHV PpWRGRV VLQWpWLFRV SDUD OD SUHSDUDFLyQ GH HVWD
FODVHGHQDQRSDUWtFXODV\HQSDUWLFXODUSDUD ODVtQWHVLVGHQDQRSDUWtFXODV
GRSDGDV FRQ PROpFXODV IOXRUHVFHQWHV WRGDV HOODV FDUDFWHUL]DGDV SRU VX
VLPSOLFLGDG EDMR FRVWH YHUVDWLOLGDG \ VREUH WRGR SRU OD FDSDFLGDG GH
FRQWURODU OD DUTXLWHFWXUDGH ORVPDWHULDOHV UHVXOWDQWHV/DKDELOLGDGSDUD
FRQWURODU OD GLVSRVLFLyQ HVSDFLDO GH ORV FRPSRQHQWHV PROHFXODUHV
IOXRUHVFHQWHVHVGHKHFKRXQDFRQGLFLyQHVHQFLDOSDUDGLVHxDUVLVWHPDV
FDSDFHVGHOOHYDUDFDERIXQFLRQHVHVSHFtILFDVFRQXQDDOWDHILFLHQFLDVLQ
SHUGHUHQHUJtDGHH[FLWDFLyQHQSURFHVRVSDUiVLWRV
$ OD KRUD GH SUHSDUDU TXLPLRVHQVRUHV QDQRHVWUXFWXUDGRV H[LVWHQ
YDULDVHVWUDWHJLDVSRVLEOHVGH VtQWHVLVGHSHQGLHQGRGH VL HO UHFHSWRU\ OD
XQLGDGIOXRUHVFHQWHVHHQFXHQWUDQRQRXQLGRVFRYDOHQWHPHQWH7DPELpQ
HVSRVLEOHPRGLILFDUODPROpFXODRUJiQLFDFRQXQJUXSRWULHWR[LVLODQRSRU
HMHPSOR GH PDQHUD TXH IRUPH SDUWH GH OD SURSLD HVWUXFWXUD GHO y[LGR
LQRUJiQLFRR TXH VH XQD D OD VXSHUILFLH H[WHUQD GH OD QDQRSDUWtFXOD
7RGRHVWRSHUPLWHGHVDUUROODUFLQFRWLSRVGLIHUHQWHVGHQDQRHVWUXFWXUDV
x HOTXLPLRVHQVRUVHHQFXHQWUDLQFOXLGRHQHOLQWHULRUGHODQDQRSDUWtFXOD
ILJXUDD
x HOTXLPLRVHQVRUVHHQFXHQWUDXQLGRDODVXSHUILFLHGHODQDQRSDUWtFXOD
ILJXUDE
x HOUHFHSWRUVHHQFXHQWUDHQODVXSHUILFLH\ODXQLGDGVHxDOL]DGRUDVH
HQFXHQWUDHQHOLQWHULRUGHODQDQRSDUWtFXODILJXUDF
x HO UHFHSWRU \ OD XQLGDG VHxDOL]DGRUD VH HQFXHQWUDQ VHSDUDGRV HQ HO
LQWHULRUGHODQDQRSDUWtFXODILJXUDG
x HO UHFHSWRU \ OD XQLGDG VHxDOL]DGRUD VH HQFXHQWUDQ VHSDUDGRV HQ OD
VXSHUILFLHGHODQDQRSDUWtFXODILJXUDH
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7RGDVHVWDVSRVLELOLGDGHVQRPXHVWUDQQLODVPLVPDVSURSLHGDGHVQL
VHFRPSRUWDQLJXDOSRUORTXHWLHQHQGLIHUHQWHVYHQWDMDVHLQFRQYHQLHQWHV
VHJ~QODDSOLFDFLyQILQDOTXHVHGHVHD3RUHMHPSORODHVWDELOLGDGTXtPLFD
GH ODVPROpFXODV RUJiQLFDV IUHQWH D DJHQWHV H[WHUQRV DJUHVLYRV DXPHQWD
FXDQGRODVHVSHFLHVIOXRUHVFHQWHVVHHQFXHQWUDQVHJUHJDGDVHQHOLQWHULRU
\D TXH GH DOJ~Q PRGR VH HQFXHQWUDQ SURWHJLGDV 6LQ HPEDUJR OD
DFFHVLELOLGDGGHO VXVWUDWR D ODVXQLGDGHV UHFHSWRUDV HVPHQRU933RURWUR
ODGR FXDQGR ODV HVSHFLHV UHFHSWRUDV VH HQFXHQWUDQ HQ OD VXSHUILFLH OD
GHWHFFLyQ VH YH IDYRUHFLGD \D TXH HVWiQPiV ³FHUFD´ GHO VXVWUDWR \ VX
PRYLOLGDG HV PD\RU (VWR FRQOOHYD XQ LQFUHPHQWR HQ ODV LQWHUDFFLRQHV
HOHFWUyQLFDV TXH SXHGHQ HQ DOJXQRV FDVRV FRQVHJXLU XQ HIHFWR GH
DPSOLILFDFLyQ GH OD VHxDO 94 \ XQ LQFUHPHQWR HQ ODV FRQVWDQWHV GH
FRPSOHMDFLyQ

)LJXUD'LIHUHQWHVDSUR[LPDFLRQHVHQHOGLVHxRGHQDQRSDUWtFXODV
OXPLQLVFHQWHV
6HUFDSD]GHRSWLPL]DUHVWDVHVWUXFWXUDVHQIXQFLyQGHODDSOLFDFLyQ
TXH TXLHUD GDUVH D ORV VLVWHPDV HV PX\ LPSRUWDQWH SRQLHQGR HVSHFLDO
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HVIXHU]RHQHOHQWRUQR\ODPRYLOLGDGGHOUHFHSWRUWDQWRFRPRHQHOQLYHO
GHFRPXQLFDFLyQGHVHDGRHQWUHODVGLIHUHQWHVXQLGDGHV$FRQWLQXDFLyQVH
YDQDPRVWUDUYDULRVHMHPSORVFRQODVGLIHUHQWHVSRVLELOLGDGHVGHVFULWDVHQ
ODILJXUDVHJ~QODDSOLFDFLyQGHVHDGD

4XLPLRVHQVRUHQODVXSHUILFLH
6LODDSOLFDFLyQILQDOGHQXHVWURVLVWHPDHVTXHIRUPHSDUWHGHXQ
TXLPLRVHQVRU OD PRGLILFDFLyQ VXSHUILFLDO GH ODV QDQRSDUWtFXODV FRQ XQ
VLVWHPDPXOWLFURPRIyULFRSDUHFHVHUODSRVLELOLGDGPiVSURPHWHGRUD/DV
XQLGDGHVDFWLYDVVHSXHGHQGLVSRQHUHQODVXSHUILFLHFRQXQDOWRJUDGRGH
RUJDQL]DFLyQGHPDQHUDTXHVHFRQVLJXHXQDGHQVLGDGORFDOGHPROpFXODV
HOHYDGD\SRUWDQWRVHSXHGHOOHJDUDREWHQHUXQDDPSOLILFDFLyQGHODVHxDO
8QHMHPSORGHO HPSOHRGHHVWD HVWUDWHJLD D ODKRUDGHGLVHxDUXQ
TXLPLRVHQVRUIOXRUHVFHQWHGH=Q,,HVHOGHVDUUROODGRSRU/3URGLet al
HQ HO TXH VHPRGLILFD OD VXSHUILFLH GH QDQRSDUWtFXODV GH VtOLFH FRQ XQD
TXLQROLQDVXOIRQDPLGD PRGLILFDGD FRQ XQ JUXSR WULHWR[LVLODQR 467
ILJXUD  (Q HVWH VLVWHPD OD FRPSOHMDFLyQ WLHQH OXJDU MXQWR FRQ OD
GHVSURWRQDFLyQ GHO JUXSR VXOIRQDPtGLFR OR TXH VH WUDGXFH HQ XQ
GHVSOD]DPLHQWRKDFLDHOURMRGHODEDQGDGHDEVRUFLyQ\XQDXPHQWRGHOD
LQWHQVLGDGGHHPLVLyQGHIOXRUHVFHQFLDGHELGRDXQDWUDQVIHUHQFLDGHFDUJD
LQWHUQDHQORVFRPSOHMRV=Q,,467\=Q,,467
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
)LJXUD(VTXHPDGHOTXLPLRVHQVRURUJiQLFR\GLVSRVLFLyQHQOD
QDQRSDUWtFXOD
(QHVWH VLVWHPDVHKDREVHUYDGRXQHIHFWRGHDPSOLILFDFLyQGH OD
UHVSXHVWD IOXRUHVFHQWH JUDFLDV D OD SUHRUJDQL]DFLyQ GH ODV PROpFXODV
RUJiQLFDVHQODVXSHUILFLHGHXQDQDQRSDUWtFXODILJXUD(QDXVHQFLD
GH=Q,,ODGHVDFWLYDFLyQGHVGHORVHVWDGRVH[FLWDGRVGHO467VHSURGXFH
PD\RULWDULDPHQWH D WUDYpV GH XQ SURFHVR QR UDGLDWLYR IOHFKDV D]XOHV
GLVFRQWLQXDV\DTXHHOSURFHVRUDGLDWLYRQRHVHILFD]6LQHPEDUJRFXDQGR
VH DxDGH XQD FDQWLGDG GH =Q,, VXILFLHQWH SDUD HPSH]DU D IRUPDU
FRPSOHMRV  WLHQH OXJDU OD HPLVLyQ UDGLDWLYD PHGLDQWH IOXRUHVFHQFLD
IOHFKDFRQWLQXDD]XO

)LJXUD(VTXHPDGHORVFDPELRVIRWRTXtPLFRVWUDVODFRPSOHMDFLyQFRQ
=Q,,DEDMDVFRQFHQWUDFLRQHV
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6HKDREVHUYDGRXQDDPSOLILFDFLyQGHODVHxDOGHKDVWDXQFRQ
UHVSHFWRDOVLVWHPDGHUHIHUHQFLD467QRVLWXDGRHQODVXSHUILFLHGHODV
QDQRSDUWtFXODVHQODVPLVPDVFRQGLFLRQHVH[SHULPHQWDOHVGHELGRDTXHOD
HQHUJtDGHH[FLWDFLyQGHODVXQLGDGHV467DG\DFHQWHVHVWUDQVIHULGDDORV
HVWDGRVH[FLWDGRVGHODVXQLGDGHVTXHVHHQFXHQWUDQFRRUGLQDGDVDOPHWDO
6LQ HPEDUJR HVWRV UHVXOWDGRV WDQ SRVLWLYRV YLHQHQ DFRPSDxDGRV GH
FDPELRVGHVROXELOLGDGVXVWDQFLDOHV\DTXHHOVLVWHPDKtEULGRVyORVHSXHGH
GLVROYHUGHPDQHUDHILFD]HQ'062SRUORTXHHVLPSRUWDQWHHOHJLUXQ
PDWHULDOTXHDXQTXHVHDIRWRTXtPLFDPHQWHLQHUWHSRWHQFLHRSRUORPHQRV
QRLPSLGDODVROXELOLGDGGHOVLVWHPDHQGLVROYHQWHVDFXRVRV
([LVWHQ RWURV HMHPSORV TXH KDFHQ UHIHUHQFLD D XQ DXPHQWR HQ OD
UHVSXHVWD OXPLQLVFHQWH SRU HO KHFKR GH RUJDQL]DU D ORV UHFHSWRUHV HQ OD
VXSHUILFLHGHQDQRSDUWtFXODVORTXHVXSRQHXQDJUDQYHQWDMDIUHQWHDOXVR
GHORVTXLPLRVHQVRUHVOLEUHVHQGLVROXFLyQ

8QLGDGIOXRUyIRUD\UHFHSWRUDVHSDUDGDVHQODVXSHUILFLH
(VWDDSUR[LPDFLyQVHEDVDHQODDXWRRUJDQL]DFLyQGHOIOXRUyIRUR\
GHO UHFHSWRU PHGLDQWH HO XVR GH XQD SODQWLOOD DGHFXDGD SDUD IRUPDU XQ
HQVDPEODMHRUJDQL]DGRGHDPERV(QHVWHFDVRODVGLIHUHQWHVXQLGDGHVQR
LQWHUDFW~DQGHPDQHUDGLUHFWD\FRPRFRQVHFXHQFLDODFRPXQLFDFLyQHQWUH
HO VXVWUDWR XQLGR DO UHFHSWRU \ HO IOXRUyIRUR VH JDUDQWL]D VyOR SRU VX
GLVSRVLFLyQ HVSDFLDO PiV R PHQRV FHUFDQD 3RU VXSXHVWR HV QHFHVDULR
GLVHxDUHOTXLPLRVHQVRUGHPDQHUDTXHHOUHFRQRFLPLHQWRGHOVXVWUDWRSRU
SDUWH GHO UHFHSWRU VH WUDGX]FD HQ XQD PRGLILFDFLyQ GH ODV SURSLHGDGHV
HPLVLYDVGHOIOXRUyIRUR(QORV~OWLPRVDxRVVHKDQHPSOHDGRGLIHUHQWHV
WLSRVGHPDWHULDOHVFRPRSODQWLOODVSDUDJXLDUODDXWRRUJDQL]DFLyQGHORV
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TXLPLRVHQVRUHV GHVGH HO XVR GH DJUHJDGRV PLFHODUHV PRQRFDSDV GH
/DQJPXLU%ORGJHWWR ODRUJDQL]DFLyQGHFDSDVGH WULDOFR[LVLODQRVREUH
VXSHUILFLHVGHYLGULR
$ FRQWLQXDFLyQ VHPXHVWUD XQ HMHPSOR GHO HIHFWR SODQWLOOD HQ ODV
SURSLHGDGHVILQDOHVGHOKtEULGRFRPRTXLPLRVHQVRUILJXUD(QpO
VHDXWRRUJDQL]DHOUHFHSWRUXQDSLFROLQDPLGD\ODXQLGDGVHxDOL]DGRUDXQ
JUXSRGDQVLODPLGDHQODVXSHUILFLHGHQDQRSDUWtFXODVGHVtOLFHGHXQRV
QPGHGLiPHWUR

)LJXUD1DQRSDUWtFXODVIXQFLRQDOL]DGDVSDUDODGHWHFFLyQGHFREUH
/D XQLyQ GH ORV FRPSRQHQWHV GHO TXLPLRVHQVRU D OD VXSHUILFLH D
WUDYpV GH ORV JUXSRV WULDOFR[LVLODQR SUHVHQWHV HQ VX HVWUXFWXUD TXtPLFD
DVHJXUDVXSUR[LPLGDGHVSDFLDOORTXHUHVXOWDHQXQPDWHULDOKtEULGRFDSD]
GHGHWHFWDUVHOHFWLYDPHQWH&X,,DWUDYpVGHODGHVDFWLYDFLyQGHODHPLVLyQ
Introducción. 

GHIOXRUHVFHQFLDGHOJUXSRGDQVLORSRUGHEDMRGHFRQFHQWUDFLRQHVGHRUGHQ
PLFURPRODU
6LQHPEDUJRODDSOLFDFLyQUHDOGHHVWRVVLVWHPDVHVUHGXFLGDGHELGR
D VXV LPSRUWDQWHV OLPLWDFLRQHV(Q SDUWLFXODU ORV DJUHJDGRV IRUPDGRV D
SDUWLU GH VXUIDFWDQWHV \ ODV SHOtFXODV GH /DQJPXLU%ORGJHWW VRQ REMHWRV
GHOLFDGRVTXHVHIRUPDQVyORHQFRQGLFLRQHVSDUWLFXODUHV3RURWURODGRODV
VXSHUILFLHVGHYLGULRWLHQHQXQiUHDVXSHUILFLDOUHGXFLGDTXHQRSHUPLWHOD
JHQHUDFLyQGHXQD IXHUWHVHxDOGH IOXRUHVFHQFLD'HQXHYR ORVVLVWHPDV
QDQRSDUWLFXODGRV VH SUHVHQWDQ FRPR XQD DOWHUQDWLYD HILFD] \D TXH OD
RUJDQL]DFLyQ WDQWR GH VXEXQLGDGHV DFWLYDV FRPR GH IOXRUyIRURV HQ VX
VXSHUILFLHQRFRQOOHYDODVOLPLWDFLRQHVSUHYLDPHQWHGHVFULWDV

8QLGDGIOXRUyIRUDHQHOLQWHULRU\UHFHSWRUDHQODVXSHUILFLH
(Q JHQHUDO ORV TXLPLRVHQVRUHV EDVDGRV HQ LRQHV ODQWiQLGRV KDQ
DWUDtGRHOLQWHUpVGHODFRPXQLGDGFLHQWtILFDGXUDQWHYDULDVGpFDGDVGHELGR
D VXV FDUDFWHUtVWLFDV IRWRItVLFDV ~QLFDV FRPR WLHPSRV GH YLGD HOHYDGRV
EDQGDV GH HPLVLyQ HVWUHFKDV \ DOWRV GHVSOD]DPLHQWRV GH 6WRNHV &RPR
HMHPSORGHHOORVHHQFXHQWUDQORVWUDEDMRVGHVDUUROODGRVSDUDODGHWHFFLyQ
GH GLSLFROLQDWR GH FDOFLR &D'3$ (VWD VXVWDQFLD PXHVWUD XQD JUDQ
DILQLGDG SRU ORV LRQHV ODQWiQLGRV \ HQ SDUWLFXODU SRU HO WHUELR,,, /D
LPSRUWDQFLD GH GHWHFWDU HVWD VXVWDQFLD UDGLFD HQ TXH HV HO ~QLFR
ELRPDUFDGRU GH ODV HVSRUDV GH EDFLORV FRPR HOB. anthracis FRQRFLGR
FRPRXQDJHQWHSRWHQFLDOHQORVDWDTXHVWHUURULVWDVELROyJLFRV
//Xet al.SXEOLFDURQHQXQHVWXGLRPX\LQWHUHVDQWHEDVDGR
HQ ODPRGLILFDFLyQ GH QDQRSDUWtFXODV FRQ XQ FRPSOHMR GH(X,,, FRPR
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TXLPLRVHQVRU(O VLVWHPD KtEULGR HVWi IRUPDGR SRU QDQRSDUWtFXODV GH
VtOLFHGRSDGDVHQVXLQWHULRUFRQXQGHULYDGRGHODIOXRUHVFHtQD),7&$
FRQWLQXDFLyQ OD VXSHUILFLH VH PRGLILFy FRQ GLDQKtGULGR GH
HWLOHQGLDPLQRWHWUDFpWLFR('7$'TXHVHWUDQVIRUPDin situHQHOFRPSOHMR
GHHXURSLRPHGLDQWHODUHDFFLyQFRQ(X&OILJXUD

)LJXUD(VWUDWHJLDGHVtQWHVLVGHXQTXLPLRVHQVRUKtEULGREDVDGRHQXQ
FRPSOHMRGHHXURSLR
(QHOFRPSOHMRHOODQWiQLGRHVWiFRRUGLQDGRDPROpFXODVGHDJXD
TXHIDYRUHFHQODGHVDFWLYDFLyQGHODHPLVLyQGHIOXRUHVFHQFLDPHGLDQWHXQ
SURFHVRQRUDGLDWLYR6LQHPEDUJRHVWDVPROpFXODVGHDJXDVHHQFXHQWUDQ
GpELOPHQWH XQLGDV DO FHQWURPHWiOLFR \ SXHGHQ VHU VXVWLWXLGDV SRU'3$
FXDQGRpVWHVHHQFXHQWUDHQODGLVROXFLyQORTXHVHWUDGXFHHQXQDXPHQWR
VLJQLILFDWLYR GH OD HPLVLyQ GHO FRPSOHMR /RV DXWRUHV HQFRQWUDURQ XQD
FRUUHODFLyQ OLQHDO HQWUH HO Pi[LPR GH LQWHQVLGDG HQ OD HPLVLyQ GHO
TXLPLRVHQVRU \ OD FRQFHQWUDFLyQ GH &D'3$ HQ HO LQWHUYDOR GH
FRQFHQWUDFLRHVHQWUHQ0FRQXQOtPLWHGHGHWHFFLyQSRUGHEDMRGH
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Q0/DGHWHFFLyQUiSLGD\HILFD]GHODVHVSRUDVB anthracisHQDJXDVH
YLRSRWHQFLDGDGHELGRDTXHHVWHVLVWHPDHVGHQDWXUDOH]DUDWLRPpWULFDOD
HPLVLyQGH OD IOXRUHVFHtQDSUHVHQWH HQ HO LQWHULRUGH ODQDQRSDUWtFXOD VH
HPSOHDFRPRUHIHUHQFLD\DTXHQRVHYHDIHFWDGDGHQLQJXQDPDQHUDSRU
ODSUHVHQFLDGHO&D'3$

4XLPLRVHQVRUHQHOLQWHULRUGHODQDQRSDUWtFXOD
(QEDVHDHVWDHVWUDWHJLD.:DQJet alGLVHxDURQXQVLVWHPDFDSD]
GHGHWHFWDUYDULDFLRQHVGHS+HQXQLQWHUYDORHQWUH\HQPDFUyIDJRV
PXULQR\HQFpOXODVFDQFHUtJHQDVKXPDQDVYLYDVFpOXODV+HODGXUDQWHOD
DSRSWRVLV  3DUD HOOR VLQWHWL]DURQ QDQRSDUWtFXODV GH VtOLFH FRQ XQ
GLiPHWURPHGLRGHQPTXHFRQWHQtDQHQVXLQWHULRUXQGHULYDGRGHOD
IOXRUHVFHtQDVLODQL]DGDTXHDFWXDEDFRPRTXLPLRVHQVRU\XQGHULYDGRGH
UXWHQLR WULV¶ELS\ULG\OUXWHQLR ,, FRPR UHIHUHQFLD LQWHUQD ILJXUD
'HVSXpVGHLQYHVWLJDUODHVWDELOLGDG\ODIRWRHVWDELOLGDGGHOVLVWHPD
VHLQFXEDURQODVQDQRSDUWtFXODVPRGLILFDGDVFRQPDFUyIDJRVPXULQRV\VH
PRQLWRUL]DURQORVFDPELRVHQHOS+OLVRVRPDOHQWLHPSRUHDOGHVSXpVGH
H[SRQHUORVDFORURTXLQLQD\GURJDDQWLPDODULD/DFRPSDUDFLyQHQWUHODV
YDULDFLRQHV GH OD LQWHQVLGDG GH IOXRUHVFHQFLD GH OD IOXRUHVFHtQD \ GHO
FRPSOHMRGHUXWHQLRSDUDODVPXHVWUDVGHUHIHUHQFLD\SDUDODVPXHVWUDVD
ODVTXHVHKDDxDGLGRGLIHUHQWHVFDQWLGDGHVGHGURJDPXHVWUDQFRPR OD
FORURTXLQRQD HVWLPXOD FDPELRV HQ HO S+ OLVRVRPDO TXH SXHGHQ VHU
GHWHFWDGRVFRQXQDJUDQVHQVLELOLGDGPHGLDQWHHVWHPpWRGR/RVUHVXOWDGRV
REWHQLGRV SDUD ODV FpOXODV +HOD GHPXHVWUDQ TXH PHGLDQWH HVWH VLVWHPD
KtEULGR HV SRVLEOH GHWHFWDU OD DFLGLILFDFLyQ LQWUDFHOXODU HQ FpOXODV
FDQFHUtJHQDV DSRSWyWLFDV HQ WLHPSR UHDO FRQ XQD UHVSXHVWD PHQRU D 
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VHJXQGR$GHPiVHOVLVWHPDSUHVHQWDEXHQDUHSURGXFLELOLGDG\XQDDOWD
HVWDELOLGDG

)LJXUD'LVHxRGHXQTXLPLRVHQVRUKtEULGRSDUDGHWHFWDUFDPELRVHQHOS+
OLVRVRPDO

1DQRSDUWtFXODVFRQHVWUXFWXUDQ~FOHRHQYROWXUDGHVtOLFH
&RPR~OWLPDHVWUDWHJLDHQHOGLVHxRGHTXLPLRVHQVRUHVKtEULGRVVH
TXLHUH LQFOXLU OD IDPLOLD GH PDWHULDOHV GLVHxDGRV FRQ XQD DUTXLWHFWXUD
Q~FOHRHQYROWXUD core-shell (VWH WLSR GH PDWHULDOHV FRQVLVWHQ HQ XQ
Q~FOHR LQWHUQR FRQ XQD FRPSRVLFLyQ TXtPLFD GHWHUPLQDGD \ XQD FDSD
H[WHUQDGHRWUDGLIHUHQWH(VWDFDUDFWHUtVWLFDHVWUXFWXUDODEUHODSRVLELOLGDG
GHFRPELQDUGLIHUHQWHVPDWHULDOHV\SRUORWDQWRGLIHUHQWHVSURSLHGDGHVHQ
XQDPLVPDHQWLGDG$ILQDOHVGHORVDxRVFXDQGRVHGHVFXEULyTXHODV
SURSLHGDGHVVHPLFRQGXFWRUDVGHORVPDWHULDOHVKHWHURJpQHRVHUDQPHMRUHV
TXH ODVFRUUHVSRQGLHQWHVD ORVFRPSRQHQWHVGHPDQHUDVHSURGXMRXQ
JUDQ GHVDUUROOR HQ OD LQYHVWLJDFLyQ GH OD VtQWHVLV GH QDQRSDUWtFXODV
VHPLFRQGXFWRUDV PXOWLFDSD \ IXH HQWRQFHV FXDQGR VXUJLy HO WpUPLQR
Q~FOHRHQYROWXUD
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(VWDFODVHGHVLVWHPDVVHFDUDFWHUL]DQSRUODGLVSRVLFLyQHQIRUPDGH
PXOWLFDSD GH GLIHUHQWHV PDWHULDOHV SHUR WDQWR OD GLVSRVLFLyQ FRPR OD
QDWXUDOH]DGHHVWRVGHSHQGHQHQJUDQPHGLGDGHODDSOLFDFLyQILQDO(QOD
ILJXUDVHSXHGHYHUHOHVTXHPDGHGLIHUHQWHVWLSRVGHQDQRSDUWtFXODV
HVIpULFDV D KH[DJRQDOHV E Q~FOHRV QDQRSDUWLFXODGRV FRQ XQD ~QLFD
HQYROWXUD F QDQRSDUWtFXODV PXOWLFDSD FRQFpQWULFDV G R Q~FOHRV
VLWXDGRVHQFDYLGDGHVJHQHUDGDVSRUODHQYROWXUDH'HODPLVPDIRUPD
GHSHQGLHQGRGHODQDWXUDOH]DGHOPDWHULDOVHSXHGHQHQFRQWUDUGLIHUHQWHV
FRPELQDFLRQHVQ~FOHRHQYROWXUDFRPR LQRUJiQLFRLQRUJiQLFRRUJiQLFR
LQRUJiQLFRLQRUJiQLFRRUJiQLFRXRUJiQLFRRUJiQLFR

)LJXUD'LIHUHQWHVHVWUXFWXUDVHQODVQDQRSDUWtFXODVFRQDUTXLWHFWXUD
Q~FOHRHQYROWXUD
/D HOHFFLyQ GHO PDWHULDO TXH FRPSRQH OD HQYROWXUD HV GH JUDQ
LPSRUWDQFLDGHELGRDODSRVLELOLGDGGHPRGLILFDFLyQGHODVXSHUILFLH\SRU
WDQWR OD DPSOLDFLyQGH OD IXQFLRQDOLGDG OD HVWDELOLGDG OD GLVSHUVLyQ HQ
GLVROXFLyQHWFGHOPDWHULDO ILQDO(QHVWH VHQWLGRXQRGH ORVPDWHULDOHV
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PiV HPSOHDGRV HV OD VtOLFH \D TXH VH REWLHQH D WUDYpV GH XQD VtQWHVLV
VHQFLOODHVELRFRPSDWLEOH\RIUHFHODSRVLELOLGDGGHPRGLILFDUOD

0RWLYDFLyQGHODSUHVHQWHWHVLVGRFWRUDO
$ORODUJRGHODLQWURGXFFLyQGHHVWDWHVLVVHKDSUHWHQGLGRPRVWUDU
OD LPSRUWDQFLD TXH WLHQHQ ODV LQWHUDFFLRQHV VXSUDPROHFXODUHV HQ HO
UHFRQRFLPLHQWRGHVXVWUDWRVGHGLIHUHQWHQDWXUDOH]D$GHPiV\DYDQ]DQGR
HQ HO GLVHxR GH HVWUXFWXUDV FDGD YH]PiV RUJDQL]DGDV \ HILFDFHV VH KD
LQWURGXFLGRHOHPSOHRGHPDWHULDOHVQDQRHVWUXFWXUDGRVSDUDODVtQWHVLVGH
QDQRVHQVRUHVFRQDSOLFDFLRQHVPX\GLYHUVDV
&RQHOILQGHFRQWULEXLUDOGHVDUUROORGHHVWHFDPSRVHYDQDDSOLFDU
ORVFRQRFLPLHQWRVDGTXLULGRVHQODVtQWHVLVGHQDQRSDUWtFXODVR[tGLFDVGH
ERKHPLWD\GHERKHPLWDVtOLFHSDUDREWHQHUGLIHUHQWHVPDWHULDOHVKtEULGRV
FDSDFHVGHUHFRQRFHUVXVWUDWRVFDWLyQLFRV\DQLyQLFRVHQGLVROXFLyQDFXRVD
PHGLDQWHHOXVRGHLQWHUDFFLRQHVQRFRYDOHQWHV$GHPiVVHYDDHPSOHDU
OD OXPLQLVFHQFLD FRPR KHUUDPLHQWD GH VHxDOL]DFLyQ GH ORV SURFHVRV GH
UHFRQRFLPLHQWRGHELGRDOJUDQQ~PHURGHYHQWDMDVTXHVHKDQH[SXHVWR
DQWHULRUPHQWH





Introducción. 

%LEOLRJUDItD
>@-0/HKQSupramolecular Chemistry(G9&+
>@-0/HKQ$QJHZ&KHP,QW(G(QJO
>@)5HYLULHJR$6DQ]31DYDUUR -/DWRUUH(*DUFtD(VSDxD0
/LX*RQ]iOH]2UJ%LRPRO&KHP
>@ -0/HKQ1REHO/HFWXUHSupramolecular Chemistry - Scope and 
Perspectives: Molecules - Supermolecules - Molecular Devices
1REHOSUL]HRUJ1REHO0HGLD$%
>@()LVFKHU&KHP*HV%HU
>@'(.RVKODQG31$6
>@D-0/HKQ6FLHQFHE&$+XQWHU$QJHZ&KHP
,QW(GF-3*OXVNHU7RS&XUU&KHP
G.6]DOHZLF].3DWNRZVNL%-H]LRUVNL6WUXFW%RQGLQJ
H$(5HHG/$&XUWLVV):HLQKROG&KHP5HY
I3+RE]D5=DKUDGQLN&KHP5HYJ11DQGL'
9ROOKDUGW$FF&KHP5HV    K$.UXVKHOQLWVN\ 3K\V
&KHP&KHP3K\VL+-6FKQHLGHU$QJHZ&KHP,QW
(G(QJO
>@-0/HKQ3XUH$SSO&KHP
>  @ 3 %DOOHVWHU $ 9LGDO)HUUDQ Introduction to Supramolecular 
Catalysis LQ 6XSUDPROHFXODU &DWDO\VLV HG 3:10 YDQ /HHXZHQ
:LOH\9&+:HLQKHLP
>@$%LDQFKL.%RZPDQ-DPHV(*DUFtD(VSDxDSupramolecular 
Chemistry of Anions:LOH\9&+1HZ<RUN
>@-0/HKQ/HKQ$QJHZ&KHPE-6%UDGVKDZ5
0,]DWW$9%RUGXQRY&<=KX-.+DWKDZD\&RPSU6XSUDPRO
&KHPF'.&DEELQHVV':0DUJHUXP-$P&KHP
6RFG-0/HKQ$FF&KHP5HV
>@0.RGDPD(.LPXUD-&KHP6RF'DOWRQ7UDQV

Capítulo 1. 


>  @ D ' - &UDP From Design to Discovery $PHULFDQ &KHPLFDO
6RFLHW\ :DVKLQJWRQ '&  E ( 0DYHULFN ' - &UDP &RPSU
6XSUDPRO&KHP
>@D&/RGHLUR)3LQD&RRUG&KHP5HYE$3
GH6LOYD'%)R[760RRG\60:HLU75(1'6LQ%LRWHFKQRORJ\

>@D'%U\FH6PLWK3KRWRFKHPLVWU\E5%&XQGDOO$
*LOEHUW 3KRWRFKHPLVWU\  F $ *LOEHUW (GLWRU 3KRWRFKHPLVWU\

>@ % 9DOHXUMolecular Fluorescence: Principles and Applications
:LOH\9&+9HUODJ*PE+
>@D71-.OHLQPDQ0+.DUDWHNLQ($QJHZ&KHP,QW(G
   E9%XHQDX*:ROII7Photochemistry: Principle, 
Methods, and Applications
>@-5/DNRZLF]Principles of Fluorescence Spectroscopy6SULQJHU
UGHG
>@ $XQTXH QRUPDOPHQWH VH KDFH UHIHUHQFLD D HVWH GLDJUDPD FRPR HO
GLDJUDPD-DEORQVNLPHUHFHKDFHUUHIHUHQFLDDTXHIXHURQ-HDQ\)UDQFLV
3HUULQORVSULPHURVHQKDEODUVREUHXQHVWDGRPHWDHVWDEOHHQWUHHOHVWDGR
IXQGDPHQWDO\ORVHVWDGRVH[FLWDGRVGHORVIOXRUyIRURV3URSXVLHURQTXHOD
DFWLYDFLyQ WpUPLFD GH HVWH HVWDGR HUD OD FDXVD GH OD DSDULFLyQ GH XQD
IOXRUHVFHQFLDWDUGtD>3HUULQ)$QQ3K\V@6yORSDVDURQXQRV
DxRV KDVWD TXH HQ  $OH[DQGHU -DEORQVNL SODQWHy HO SURFHVR GH
UHODMDFLyQ GHVGH HO HVWDGR PHWDHVWDEOH D WUDYpV GH XQ PHFDQLVPR QR
UDGLDWLYR\DWUDYpVGHHVWDWUDQVLFLyQXQDVHJXQGDHPLVLyQDORQJLWXGHV
GHRQGDPD\RUHVHVHQWRQFHVSRVLEOHFRPRWDPELpQXQDGpELODEVRUFLyQ
SURFHVRFRQRFLGRFRPRIRVIRUHVFHQFLD>-DEORQVNL$=3K\VLN
@
>@D1-7XUUR0+.OHLQPDQ(.DUDWHNLQ$QJHZ&KHP,QW(G
E,%%HUOPDQHandbook of Fluorescence Spectra of 
Aromatic Molecules $FDGHPLF 3U QG HG  F ' & 1HFNHUV
Mechanistic Organic Photochemistry5HLQKROG3XE&RUS
Introducción. 


>@D:+0XOGHU-3KRWRFKHP3KRWRELRO$ E0.
%DEX.5DMDVHNDUDQ1.DQQDQ-&KHP6RF3HUNLQ7UDQV

>@D&3DUNDQ\L'%RXLQ'&6KLHK67XQEUDQW--$DURQ$
7LQH-&KLP3K\VG$:HOOHU=(OHNWURFKHP
E(/:HKU\/%5RJHUV6SHFWURFKLP$FWD
F+53DUN%0D\HU3:ROVFKDQQ*.|KOHU-3K\V&KHP

>  @ D $ $ /DPROD 1 - 7XUUR Energy Transfer and Organic 
Photochemistry (Technique of Organic Chemistry -RKQ:LOH\	6RQV
,QF  E 9 5DPDPXUWK\ . 6 6FKDQ]H Semiconductor 
Photochemistry and Photophysics&5&3UHVVF1-7XUUR0+
.OHLQPDQ(.DUDWHNLQ$QJHZ&KHP,QW(G
>@3$UUDQ]07$OEHOGD(*DUFtD(VSDxD-&/LPD&/RGHLUR
-6GH0HOR$-3DUROD)3LQD-&KHP6RF'DOWRQ7UDQV

>@ D7:%HOO10+H[W&KHP6RF5HYE/
)DEEUL]]L$3RJJL&KHP6RF5HY
>@5$%LVVHOO$3GH6LOYD+41*XQDUDWQH3/0/\QFK*
(00DJXLUH.5$66DQGDQD\DNH&KHP6RF5HY
>@%9DOHXU,/HUD\&RRUG&KHP5HY
>@-%LZHUVL%7XON$69HUNPDQ$QDO%LRFKHP
>@$&RUPD06*DOOHWHUR+*DUFtD(3DORPDUHV)5H\&KHP
&RPPXQ
>@ $ 3 'H 6LOYD + 4 1 *XQDUDWQH 7 *XQQODXJVVRQ $ - 0
+X[OH\&30F&R\-35DGHPDFKHU7(5LFH&KHP5HY

>@)*RSSHOVU|HGHU-3UDNW&KHP
>@('HVWDQGDX9$ODLQ(%DUGH]$QDO%LRDQDO&KHP

Capítulo 1. 


>@5.DWR61LVKL]DZD7+D\DVKLWD17HUDPDH7HWUDKHGURQ/HWW

>@D-</HH6+.LP-+-XQJ-6.LP-2UJ&KHP
E0(+XVWRQ&(QJOHPDQ$:&]DUQLN-$P&KHP6RF
F$:&]DUQLNFluorescent chemosensors for ion and 
molecule recognitionYRO$PHULFDQ&KHPLFDO6RFLHW\:DVKLQJWRQ
'&
>@(QODILJXUDVHPRVWUDEDXQHMHPSORHQHOTXHODXQLyQHQWUHHO
UHFHSWRU\HOVXVWUDWRSURYRFDEDXQFDPELRQHJDWLYR GLVPLQXFLyQHQ OD
HPLVLyQ GH IOXRUHVFHQFLD UHVSHFWR DO UHFHSWRU OLEUH +D\ TXH WHQHU HQ
FXHQWD TXH HO SURFHVR GH UHFRQRFLPLHQWR QR LPSOLFD VLHPSUH XQD
GLVPLQXFLyQGHODUHVSXHVWDIOXRUHVFHQWHVLQRTXHSXHGHGDUVHHOSURFHVR
RSXHVWRHQHOTXHHOUHFHSWRUQRHVIOXRUHVFHQWH\HOUHFRQRFLPLHQWRGHO
VXVWUDWRLQGXFHXQDDSDULFLyQGHODHPLVLyQGHIOXRUHVFHQFLD
>@$3GH6LOYD6$GH6LOYD-&KHP6RF&KHP&RPPXQ

>@ D6/:LVNXU+$LW+DGGRX - -/DYLJQH(9$QVO\Q$FF
&KHP 5HV    E / )DEEUL]]L0 /LFFKHOOL $ 7DJOLHWWL
'DOWRQ7UDQVF$%XU\DN.6HYHULQ$QJHZ&KHP
,QW(G
>@/$-R\FH6+6KDEELU(9$QVO\Q&KHP6RF5HY

>@%71JX\HQ(9$QVO\Q&RRUG&KHP5HY
>@6/:LVNXU+$LW+DGGRX--/DYLJQH(9$QVO\Q$FF&KHP
5HV
>@5*URVVFKHGO.*LHVH-3DJHO7UHQGV*HQHW
>@ 6 + 6KDEELU & - 5HJDQ ( 9 $QVO\Q 3URF 1DWO $FDG 6FL
86$
>@9'XMROV))RUG$:&]DUQLN-$P&KHP6RF

>@0<&KDH$:&]DUQLN-$P&KHP6RF
Introducción. 


>@&$5RHVFKODXE1/0DLGZHOO55H]DL3*6DPPHV&KHP
&RPPXQ
>@ ' -LPpQH] 5 0DUWLQH]0DxH] ) 6DQFHQyQ - 9 5RV/LV $
%HQLWR-6RWR-$P&KHP6RF
>@$3GH6LOYD+41*XQDUDWQH7*XQQODXJVVRQ$-0+X[OH\
&30F&R\-75DGHPDFKHU7(5LFH&KHP5HY
>@6HKDGHFLGLGRLQGLFDUODVVLJODVHQLQJOpV
>@6$OYHV)3LQD07$OEHOGD(*DUFtD(VSDxD&6RULDQR69
/XLV(XU-,QRUJ&KHP
>@:5HWWLJ$QJHZ&KHP,QW(G(QJO
>@*$6PLWK75+HVNHWK-&0HWFDOIH-%LRFKHP

>@D-%RXUVRQ01%RUUHO%9DOHXU$QDO&KLP$FWD
E-%RXUVRQ-3RXJHW%9DOHXU-3K\V&KHP
F-%RXUVRQ)%DGDRXL%9DOHXU-)OXRUHVFG-/
+DELE -LZDQ & %UDQJHU -3K 6RXPLOOLRQ % 9DOHXU - 3KRWRFKHP
3KRWRELRO$&KHP
>@D-6GH0HOR-3LQD)3LQD&/RGHLUR$-3DUROD-&/LPD
07$OEHOGD03&ODUHV(*DUFLD(VSDxD&6RULDQR-3K\V&KHP
$
E)0:LQQLN&KHP5HY
>@07$OEHOGD(*DUFtD(VSDxD/*LO-&/LPD&/RGHLUR-6
GH0HOR0-0HOR$-3DUROD)3LQD&6RULDQR-3K\V&KHP%

>@ / 5RGUtJXH] ( 'HOJDGR3LQDU $ 6RUQRVD7HQ - $ODUFyQ (
*DUFtD(VSDxD0&DQR-&/LPD)3LQD-3K\V&KHP%

>@..XER11DWR76DNXUDL%XOO&KHP6RF-SQ
>@D60%RULVRY,.OLPDQW$QDO\VWE)0DQFLQL
36FULPLQ37HFLOOD87RQHOODWR&RRUG&KHP5HY
Capítulo 1. 


F7'RXVVLQHDX$6FKXO]$/DSUHVWD)HUQDQGH]$0RUR6.RUVWHQ
67UXSS*-0RKU&KHP(XU-
>@:=KRQJ$QDO%LRDQDO&KHP
>@D$%XUQV+2Z8:LHVQHU&KHP6RF5HYE
6 %DPUXQJVDS = =KDR 7 &KHQ / :DQJ & /L 7 )X : 7DQ
1DQRPHGLFLQH
>@D%<6.LP-75XWND:&:&KDQ1HZ(QJO-0HG
  E - % 'HOHKDQW\ . %RHQHPDQ & ( %UDGEXUQH .
5REHUWVRQ,/0HGLQW]([S2SLQ'UXJ'HOLYHU\F+
6&KRL-9)UDQJLRQL0RO,PDJLQJG0%DNHU1DW
0HWKRGV
>@ 3 7HRODWR ( 5DPSD]]R 0 $UGXLQL ) 0DQFLQ 3 7HFLOOD 8
7RQHOODWR&KHP(XU-
>@D;0LFKDOHW))3LQDXG/$%HQWROLOD-07VD\6'RRVH-
-/L*6XQGDUHVDQ$0:X66*DPEKLU6:HLVV6FLHQFH
E5*LOO0=D\DWV,:LOOQHU$QJHZ&KHP,QW(G

>@D60%RULVRY,.OLPDQW$QDO\VWE)0DQFLQ
36FULPLQ37HFLOOD87RQHOODWR&RRUG&KHP5HY
F7'RXVVLQHDX$6FKXO]$/DSUHVWD)HUQiQGH]$0RUR6.|UVWHQ
67UXSS*-0RKU&KHP(XU-G+*RHVPDQQ&
)HOGPDQQ$QJHZ&KHP,QW(G
>@.(6DSVIRUG:5$OJDU/%HUWL.%*HPPLOO%-&DVH\(
2K0+6WHZDUW,/0HGLQW]&KHP5HY
>@0)HUUDUL1DW5HY&DQFHU
>  @ 6 %RQDFFKL ' *HQRYHVH 5 -XULV 0 0RQWDOWL / 3URGL (
5DPSD]]R06JDU]L1=DFFKHURQL7RS&XUU&KHP
>@*'6FKROHV*5XPEOHV1DW0DWHU
>@<&KHQ=5RVHQ]ZHLJ$QDO&KHP
Introducción. 


>@D,/0HGLQW]$5&ODSS+0DWWRXVVL(5*ROGPDQ%)LVKHU
-00DXUR1DW0DWHUE36KDUPD6%URZQ*:DOWHU
66DQWUD%0RXGJLO$GY&ROORLG,QWHUIDFH6FL
>@676HOYDQ777DQ-<<LQJ$GY0DWHU
>@&.LUFKQHU7/LHGO6.XGHUD73HOOHJULQR$0-DYLHU+(
*DXG66WRO]OH1)HUWLJ:-3DUDN1DQR/HWW
>@D6:.LP-3=LPPHU62KQLVKL-%7UDF\-9)UDQJLRQL
0*%DZHQGL-$P&KHP6RFE5;LH.&KHQ
;&KHQ;3HQJ1DQR5HVF6.LP<7/LP(*
6ROWHV]$0'H*UDQG-/HH$1DND\DPD-$3DUNHU70LKDOMHYLF
5*/DXUHQFH'0'RU/+&RKQ0*%DZHQGL-9)UDQJLRQL
1DW%LRWHFKQRO    G$$KDURQL70RNDUL , 3RSRY8
%DQLQ-$P&KHP6RF
>@,/0HGLQW]+0DWWRXVVL3K\V&KHP&KHP3K\V
>@ - 6 %UDGOH\ * 6FKPLG Clusters and colloids: from theory to 
applications&KDS9&+:HLQKHLP
>@0%UXVW0:DONHU'%HWKHOO'-6FKLIIULQ5:K\PDQ-&KHP
6RF&KHP&RPPXQ
>@*0LH$QQDO3K\V
>@ D0&'DQLHO'$VWUXF&KHP5HY    E39
.DPDW-3K\V&KHP%F.*7KRPDV39.DPDW
$FF&KHP5HV
>@D6/DL1.*UDG\-.XQGX&6/HYLQ-%/DVVLWHU1-
+DODV&KHP6RF5HYE6:DWDQDEH06RQREH0
$UDL<7D]XPH70DWVXR71DNDPXUD.<RVKLGD&KHP&RPPXQ

>@D6</LQ&+&KHQ0&/LQ+)+VX$QDO&KHP
E6</LQ6:/LX&0/LQ&+&KHQ$QDO&KHP

Capítulo 1. 


>@D*%DWWLVWLQR3*&R]]L-3-DONDQHQ00RQWDOWL/3URGL1
=DFFKHURQL ) =HUEHWWR $&6 1DQR    E ( 'XONHLWK 0
5LQJOHU7$.ODU-)HOGPDQQ1DQR/HWW
>@7*X-.:KLWHVHOO0$)R[&KHP0DWHU
>@00RQWDOWL1=DFFKHURQL/3URGL12¶5HLOO\6/-DPHV-$P
&KHP6RFE7+XDQJ5:0XUUD\-3K\V&KHP
%
>@6,LMLPD1DWXUH
>@0&UHJR&DODPD'15HLQKRXGW$GY0DWHU
>@ / %DVDEH'HVPRQWV - %HOG 5 6 =LPPHUPDQ - +HUQDQGR 3
0HOD0 ) *DUFtD 3DUDMy 1 ) YDQ +XOVW $ YDQ GHQ %HUJ ' 1
5HLQKRXGW0&UHJR&DODPD-$P&KHP6RF
>@D$%XUQV36HQJXSWD7=HGD\NR%%DLUG8:LHVQHU6PDOO
   E * )DUUXJJLD 6 ,RWWL / 3URGL 0 0RQWDOWL 1
=DFFKHURQL3%6DYDJH97UDSDQL36DOH),:ROI-$P&KHP
6RF    F 4 $ 3DQNKXUVW - &RQQRO\ 6 . -RQHV -
'REVRQ-3K\V'$SSO3K\V5
>@07DQ*:DQJ;+DL-<XDQ-0DWHU&KHP
>@5*ULIDQWLQL(%DUWROLQL$0X]]L0'UDJKL()ULJLPHOLFD -
%HUJHU*5DWWL53HWUDFFD**DOOL0$JQLVGHL00*LXOLDQL/
6DQWLQL%%UXQHOOL55DSSXROL)5DQGD]]R**UDQGL1DW%LRWHFKQRO

>@D&%DUEp-%DUWOHWW/.RQJ.)LQQLH+4/LQ0/DUNLQ6
&DOOHMD$%XVK*&DOOHMD$GY0DWHUE0$UUXHER
5)HUQiQGH]3DFKHFR05,EDUUD-6DQWDPDUtD1DQR7RGD\

>@-'REVRQ*HQH7KHU
>@ 3 7HRODWR ( 5DPSD]]R 0 $UGXLQL ) 0DQFLQ 3 7HFLOOD 8
7RQHOODWR&KHP(XU-
Introducción. 


>@ ( 5DPSD]]R ( %UDVROD 6 0DUFX] ) 0DQFLQ 3 7HFLOOD 8
7RQHOODWR-0DWHU&KHP
>@00RQWDOWL / 3URGL1 =DFFKHURQL*%DWWLVWLQL 60DUFX] )
0DQFLQ(5DPSD]]R87RQHOODWR/DQJPXLU
>@D00RQWDOWL/3URGL1=DFFKHURQL-0DWHU&KHP
E00RQWDOWL/3URGL1=DFFKHURQL*)DOLQL-$P&KHP
6RFF(%UDVROD)0DQFLQ(5DPSD]]R37HFLOOD
8 7RQHOODWR &KHP &RPPXQ   G , $ /HYLWVN\ 6 *
.ULYRVKO\NRY-*UDWH-3K\V&KHP%
>@6%RQDFFKL(5DPSD]]R00RQWDOWL/3URGL1=DFFKHURQL)
0DQFLQ37HRODWR/DQJPXLU
>@D-//HH'5%DH:6+DQ66/HH-+-XQJ(XU-,QRUJ
&KHPE66HR+</HH03DUN-0/LP'.DQJ-
<RRQ-+-XQJ(XU-,QRUJ&KHPF-=KHQJ&;LDR4
)HL0/L%:DQJ*)HQJ+<X<+XDQ=6RQJ1DQRWHFKQRORJ\
G/0X:6KL-&&KDQJ67/HH1DQR/HWW
H'*DR=:DQJ%/LX/1L0:X==KDQJ$QDO
&KHP
>@ D 3 *UDQGLQL ) 0DQFLQ 3 7HFLOOD 3 6FULPLQ 8 7RQHOODWR
$QJHZ &KHP ,QW (G    E0 %HUWRQ )0DQFLQ *
6WRFFKHUR37HFLOOD87RQHOODWR/DQJPXLU
>@<=KHQJ-2UEXOHVFX;-L)0$QGUHRSXORV603KDP50
/HEODQF-$P&KHP6RF
>@0&UHJR&DODPD'15HLQKRXGW$GY0DWHU
>@ ( 5DPSD]]R ( %UDVROD 6 0DUFX] ) 0DQFLQ 3 7HFLOOD 8
7RQHOODWR-0DWHU&KHP
>@D56KHQKDU905RWHOOR$FF&KHP5HVE&
01LHPH\HU$QJHZ&KHP,QW(GF3%XKOPDQQ(
3UHWVFK ( %DNNHU &KHP 5HY    G 6 3HSHU ,
7VDJNDWDNLV(%DNNHU$QDO&KLP$FWD
>@.$L%=KDQJ//X$QJHZ&KHP,QW(G
Capítulo 1. 


>@-3HQJ;+H.:DQJ:7DQ<:DQJ</LX$QDO%LRDQDO
&KHP
>@$+HQJOHLQ&KHP5HY
>@&)+RHQHU.$$OODQ$-%DUG$&DPSLRQ0$)R[7(
0DOOXRN6(:HEEHU-0:KLWH-3K\V&KHP
>@ D: 6FKDHUWO 1DQRVFDOH    E ; =KDR 5 7DSHF
'\WLRFR.:DQJ:7DQ$QDO&KHP


 
 
 
 
 
 
 
 
 
 
 
&DUDFWHUtVWLFDVHVWUXFWXUDOHV\
PLFURHVWUXFWXUDOHV
GHODERKHPLWD
 
 
 
 
 
 
 
 
 
 
  

Capítulo 2. 

,QWURGXFFLyQ
/RVy[LGRVPHWiOLFRVMXHJDQXQSDSHOPX\LPSRUWDQWHHQPXFKDV
iUHDV GH OD TXtPLFD OD ItVLFD \ OD FLHQFLD GH ORVPDWHULDOHV6H SXHGHQ
FRPSRUWDUFRPRVyOLGRVPHWiOLFRVVHPLFRQGXFWRUHVRDLVODQWHVORTXHKD
SHUPLWLGRXQJUDQQ~PHURGHDSOLFDFLRQHVHQPDWHULDOHVDYDQ]DGRVWDOHV
FRPRFLUFXLWRVPLFURHOHFWUyQLFRVVHQVRUHVFDWDOL]DGRUHVHWF
/RV y[LGRV PHWiOLFRV GH WDPDxR QDQRPpWULFR KDQ VLGR
DPSOLDPHQWHHVWXGLDGRVGHELGRDVXHOHYDGDiUHDVXSHUILFLDOVXSRURVLGDG
\VXHPSOHRHQHOiUHDGHODFDWiOLVLV/DVSURSLHGDGHVGHHVWRVPDWHULDOHV
VHSXHGHQFRQWURODUD WUDYpVGH ODHVWUXFWXUDFULVWDOLQD IRUPD WDPDxR\
FDUDFWHUtVWLFDV VXSHUILFLDOHV TXH SXHGHQ VHU PRGXODGDV PHGLDQWH OD
XWLOL]DFLyQGHUHDFWLYRV\SURFHGLPLHQWRVVLQWpWLFRVDGHFXDGRV

6tQWHVLVGHPDWHULDOHVR[tGLFRV
 /DTXtPLFDHQGLVROXFLyQHVXQPpWRGRIiFLO\YHUViWLOSDUDIRUPDU
SDUWtFXODVR[tGLFDVGHWDPDxRQDQRPpWULFR(OFRQWUROGHO WDPDxR\ROD
PRUIRORJtDGHODVQDQRSDUWtFXODVHVGHJUDQLPSRUWDQFLD\DTXHPXFKDVGH
ODVSURSLHGDGHVILQDOHVGHHVWRVPDWHULDOHVGHSHQGHQHQJUDQPHGLGDGHOD
UHODFLyQVXSHUILFLHYROXPHQ\GHODIRUPDGHODVPLVPDV3RUHMHPSOROD
DFWLYLGDGFDWDOtWLFDGHHVWRVVLVWHPDVHVWiHVWUHFKDPHQWHUHODFLRQDGDFRQHO
WDPDxR \ OD IRUPD GH ODV FDUDV FULVWDOLQDV H[SXHVWDV/DV SURSLHGDGHV
ySWLFDVGHXQPDWHULDOGHSHQGHQHQJUDQPHGLGDGHOWDPDxRGHSDUWtFXOD
\D TXH ODV YDULDFLRQHV HQ HO WDPDxR JRELHUQDQ OD HQHUJtD HOHFWUyQLFD
LQWHUEDQGD R HO FRQILQDPLHQWR GHO IRQyQ  2WUR HMHPSOR HQ HO TXH HO
WDPDxR OD IRUPD \ ORV HIHFWRV GH VXSHUILFLH FRQGLFLRQDQ HO XVR GH ODV
QDQRSDUWtFXODVHQXQDDSOLFDFLyQHVSHFtILFDHVHOFDVRGHPDWHULDOHVFRQ
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SURSLHGDGHV PDJQpWLFDV \D TXH HVWRV SDUiPHWURV LQIOX\HQ WDQWR HQ OD
UHODMDFLyQVXSHUSDUDPDJQpWLFDFRPRHQODFRHUFLWLYLGDG<SRU~OWLPRHO
FRPSRUWDPLHQWR GH FULVWDOHV OtTXLGRV IRUPDGRV D SDUWLU GH GLVSHUVLRQHV
DFXRVDV GH SDUWtFXODV R[tGLFDV GRQGH OD PRUIRORJtD KD UHVXOWDGR VHU
IXQGDPHQWDO\DTXHHOWDPDxRJRELHUQDWDQWRODGLVSHUVLyQGHODVSDUWtFXODV
FRPRODVLQWHUDFFLRQHVHQWUHHOODV3RUORWDQWRSDUDFRQWURODUPXFKDVGH
ODVFDUDFWHUtVWLFDVGHODVQDQRSDUWtFXODVR[tGLFDVHQSDUWLFXODUODHVWUXFWXUD
FULVWDOLQD GH FRPSXHVWRV SROLPyUILFRV R HO WDPDxR \ OD IRUPD GH
FRPSXHVWRVFRPRHOy[LGRGHDOXPLQLRGHKLHUURRGHWLWDQLRHVPX\~WLO
UHFXUULUDODTXtPLFDDFXRVDGHPHWDOHVFDWLyQLFRV
/RV SDUiPHWURV SULQFLSDOHV TXH FRQWURODQ OD VtQWHVLV GH HVWRV
VLVWHPDV VRQ OD DFLGH] GH OD GLVROXFLyQ  OD SUHVHQFLD GH DQLRQHV
HVSHFtILFRV \ OD WHPSHUDWXUD/D DFLGH] \ OD WHPSHUDWXUD FRQWURODQ OD
KLGUyOLVLVGHORVFRPSOHMRVPHWiOLFRVKDFLD ODIRUPDFLyQGH ORVVyOLGRV
VLQ HPEDUJR OD SUHVHQFLD GH GHWHUPLQDGRV FRQWUDLRQHV MXHJDQ XQ SDSHO
PX\LPSRUWDQWHHQODIRUPD\HOWDPDxRILQDOGHORVy[LGRV
8QDYH]TXHODVQDQRSDUWtFXODVVHKDQIRUPDGR\VHHQFXHQWUDQHQ
VXVSHQVLyQ SXHGHQ VXIULU FDPELRV HVSRQWiQHRV HQ VX HVWUXFWXUD
PRUIRORJtD\SXHGHQDXPHQWDUGHWDPDxRFRQHOWLHPSRVHJ~QHOSULQFLSLR
GHPDGXUDFLyQGH2VWZDOGILJXUD(VWRVHGHEHDTXHODVSDUWtFXODVVH
IRUPDQ HQ XQ SULPHU PRPHQWR EDMR FRQWURO FLQpWLFR QXFOHDFLyQ \
FUHFLPLHQWRPD\RUFDQWLGDGGHSDUWtFXODVSHTXHxDVPLHQWUDVTXHFRQ
HO SDVR GHO WLHPSR \ SDUD DOFDQ]DU XQ HVWDGR WHUPRGLQiPLFDPHQWHPiV
HVWDEOH VH SURGXFH XQD GLVROXFLyQFULVWDOL]DFLyQ ODV SDUWtFXODV PiV
SHTXHxDVVHUHGLVXHOYHQPLHQWUDVTXHHOUHVWRDXPHQWDQGHWDPDxR(VWR
SHUPLWHXQDGLVPLQXFLyQGH ODHQWDOStD OLEUHGHOVLVWHPDD WUDYpVGHXQD
UHGXFFLyQGHOiUHDVXSHUILFLDOGHODVSDUWtFXODVILQDOHV
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
)LJXUD&UHFLPLHQWRGHSDUWtFXODVVHJ~QHOSULQFLSLRGH2VWZDOG
3DUD LPSHGLU HVWH SURFHVR \ FRQWDU FRQ XQD UHODFLyQ VXSHUILFLH
HVSHFtILFDYROXPHQHOHYDGDTXHSDUDPXFKDVDSOLFDFLRQHVHVXQUHTXLVLWR
LQGLVSHQVDEOHHVQHFHVDULROOHYDUDFDERODSUHFLSLWDFLyQGHOVyOLGRDXQ
S+OHMDQRDOGHO3=&\HQFRQGLFLRQHVGHIXHU]DLyQLFDHOHYDGDGRQGHOD
FDUJD HOHFWURVWiWLFD HQ OD VXSHUILFLH HV OR VXILFLHQWHPHQWH HOHYDGD&RQ
HOORVHLPSLGHODPDGXUDFLyQGHODVSDUWtFXODV\HOWDPDxRVHFRQWURODFRQ
HOS+GHOPHGLR/DHVWUHFKDFRUUHODFLyQHQWUHHOWDPDxRGHSDUWtFXOD\OD
GHQVLGDG GH FDUJD HOHFWURVWiWLFD VXSHUILFLDO OOHYD D XQ FRQWURO
WHUPRGLQiPLFRDQWHVTXHFLQpWLFRFRPRHQODVPLFURHPXOVLRQHV\TXH
VH KD DVRFLDGR FRQ OD GLVPLQXFLyQ GH OD WHQVLyQ LQWHUIDFLDO y[LGR
GLVROXFLyQ 7RGR HO SURFHVR GH REWHQFLyQ GH QDQRSDUWtFXODV TXHGD
HVTXHPDWL]DGRHQODILJXUD
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
)LJXUD(YROXFLyQGHOFUHFLPLHQWR\HVWDELOL]DFLyQGHQDQRSDUWtFXODV

%RKHPLWD
/DERKHPLWDHVXQR[RKLGUy[LGRGHDOXPLQLRFX\DHVWUXFWXUDSXHGH
HVWDUFRPSXHVWDSRUGLIHUHQWHVFDQWLGDGHVGHDJXDRWDPDxRVGHFULVWDOLWR
(QPXFKRVFDVRVODERKHPLWDRJ$O22+HVHOPDWHULDOGHSDUWLGDHQOD
VtQWHVLVGHGLIHUHQWHVIDVHVGHDO~PLQD$O2ILJXDPDWHULDOGHEDMR
FRVWH TXH VH HPSOHD HQ GLIHUHQWHV FDPSRV FRPR OD FDWiOLVLV FHUiPLFD
HOHFWUyQLFDELRPHGLFLQDHWF6LQHPEDUJRSRUVtPLVPDODERKHPLWDHV
XVDGD HQ XQD JUDQ YDULHGDG GH DSOLFDFLRQHV GHVGH DEVRUEHQWH   HQ
UHFXEULPLHQWRVFRPRUHIXHU]RHQPDWHULDOHVFHUiPLFRVHQUHOOHQRVGH
FROXPQDVKDVWDHQHOWUDWDPLHQWRGHDJXDV

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
)LJXUD3RVLFLyQGHODERKHPLWDGHQWURGHODUXWDVLQWpWLFDGHODDO~PLQD

(QXQSULQFLSLRVHSHQVDEDTXHODERKHPLWDH[LVWtDEDMRGRVIRUPDV
GLIHUHQWHV OD IRUPDSXUDPHQWHFULVWDOLQD OODPDGDERKHPLWD\ OD OODPDGD
SVHXGRERKHPLWDRWDPELpQFRQRFLGDFRPRERKHPLWDJHODWLQRVDFRQXQD
PRUIRORJtD SRURVLGDG \ iUHD VXSHUILFLDO GLIHUHQWH D OD SULPHUD 6LQ
HPEDUJR HVWXGLRV FULVWDORJUiILFRV KDQ GHPRVWUDGR FODUDPHQWH TXH OD
SVHXGRERKHPLWDHVVLPSOHPHQWHXQDERKHPLWDPLFURRQDQRFULVWDOLQDFRQ
GLIHUHQFLDVHQFXDQWRDOWDPDxRGHORVFULVWDOLWRV
&RPRVHKDFRPHQWDGRDQWHULRUPHQWHODERKHPLWDQDQRFULVWDOLQD
GHVSLHUWDXQJUDQLQWHUpVGHELGRDVXLPSRUWDQFLDWpFQLFDHQODSUHSDUDFLyQ
GHFDWDOL]DGRUHV FRQSRURVLGDGFRQWURODGD\FRQSURSLHGDGHVPHFiQLFDV
PHMRUDGDVD/DERKHPLWDVHREWLHQHPD\RULWDULDPHQWHSRUKLGUyOLVLVGH
DOFy[LGRVGHDOXPLQLRRSRUSUHFLSLWDFLyQGHVDOHVGHDOXPLQLR0DWLMHYLF
et al.\3DQLDVet al.KDQGHVFULWRGLIHUHQWHVSURSLHGDGHVGHODERKHPLWD
FRPRHOWDPDxRGHSDUWtFXODODPRUIRORJtD\ODHVWUXFWXUDHQIXQFLyQWDQWR
GHODQDWXUDOH]DGHORVSUHFXUVRUHVGHDOXPLQLRFRPRGHODVFRQGLFLRQHVGH
VtQWHVLV XWLOL]DGDV (Q EDVH D VXV WUDEDMRV VH FRQRFH TXH HQ XQ SULPHU
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PRPHQWR VH REWLHQH ODV ³SUHSDUWtFXODV´ GH ERKHPLWD SDUWtFXODV
SULPDULDVTXHFRQVLVWHQHQDJORPHUDFLRQHVGHFULVWDOLWRVDJUHJDGRV&DEH
GLIHUHQFLDUHQHVWHPRPHQWRTXHODDJUHJDFLyQVHFRQVLGHUDXQIHQyPHQR
LUUHYHUVLEOH UHVXOWDGR GH XQD XQLyQ R XQ HQODFH HQWUH ORV FULVWDOLWRV
PLHQWUDVTXHSRUHOFRQWUDULRODDJORPHUDFLyQHVXQIHQyPHQRUHYHUVLEOH
TXH LPSOLFD HQODFHV GpELOHV FRPR IXHU]DV HOHFWURVWiWLFDV DWUDFWLYDV R
HQODFHVGH9DQGHU:DDOVG(QHVWHVHQWLGRHVPX\LPSRUWDQWHHYLWDUOD
DJUHJDFLyQGHODVSDUWtFXODV\UHGXFLUDOPi[LPRODDJORPHUDFLyQFRQHOILQ
GHREWHQHUVXVSHQVLRQHVKRPRJpQHDVHVWDEOHV3DUDFRQVHJXLU UHGXFLU OD
DJORPHUDFLyQGH ORV FULVWDOLWRV DXQ WDPDxR OR VXILFLHQWHPHQWHSHTXHxR
SDUDTXHSHUPDQH]FDQHQVXVSHQVLyQVHUHDOL]DHOSURFHVRFRQRFLGRFRPR
SHSWL]DFLyQFRPR~OWLPRSDVRGHODUXWDVLQWpWLFDGHODVSDUWtFXODV(VWH
SDVRFRQVLVWHHQODDGVRUFLyQGHSURWRQHVRLRQHVKLGUR[LORHQODVXSHUILFLH
GHODVSDUWtFXODVORTXHFDXVDXQDUHSXOVLyQHOHFWURVWiWLFD6HKDQUHDOL]DGR
JUDQ FDQWLGDG GH HVWXGLRV EDVDGRV HQ HO FDPELR GH ODV SURSLHGDGHV
HVWUXFWXUDOHV GH ODERKHPLWD VHJ~QHO WLSRGH iFLGRR OD UHODFLyQPRODU
2++$OHPSOHDGDHQODSHSWL]DFLyQSDUDREWHQHUVROXFLRQHVPHWDHVWDEOHV
RSDVWDVKRPRJpQHDVF'HQWURGHORVHVWXGLRVUHDOL]DGRVHVLQWHUHVDQWH
GHVWDFDU HO OOHYDGRD FDERSRU<ROGDVHQ HO TXHPXHVWUD FyPRHO iUHD
VXSHUILFLDOHVSHFtILFDVHYHDIHFWDGDSRUODFDQWLGDGGHiFLGRXVDGRHQOD
HWDSDGHSHSWL]DFLyQ(QHVWHVHQWLGR<ROGDVSURSRQHTXHKD\XQDFDQWLGDG
GH iFLGR Pi[LPD SDUD SHSWL]DU ORV JUXSRV KLGUR[LOR \ REWHQHU XQD
GLVROXFLyQ FRORLGDO WUDQVSDUHQWH SRU HQFLPD GH OD FXDO VH DXPHQWDQ GH
PDQHUD FRQVLGHUDEOH ODV IXHU]DV GH UHSXOVLyQ HQWUH ODV SDUWtFXODV
FRORLGDOHV DXPHQWDQGR HO YROXPHQ GHO JHO OR TXH WLHQH XQD LQIOXHQFLD
QHJDWLYDHQYDULDVSURSLHGDGHVILQDOHVGHOPDWHULDOTXHVHREWLHQHGHHVWH
JHO

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(VWUXFWXUDFULVWDOLQD
/DHVWUXFWXUDFULVWDOLQDGHODERKHPLWDVHKDUHILQDGRFRQXQDFHOGD
XQLGDGRUWRUyPELFDFRQHOJUXSRHVSDFLDOGHVLPHWUtDCmcm/DXQLGDG
HVWUXFWXUDOGHORVFULVWDOHVGHERKHPLWDFRQVLVWHHQFDGHQDVGREOHVGH$O2
RFWDpGULFDVGDQGRFRPRUHVXOWDGRXQDXQLGDGGLPpULFD(QODILJXUD
VHSXHGHYHUGHPDQHUDFODUDODHVWUXFWXUDGHODXQLGDGRFWDpGULFDIRUPDGD
SRURFWDHGURVGHR[tJHQRVFRQORViWRPRVGHDOXPLQLRFHUFDGHOFHQWUR\
iWRPRVGHR[tJHQRHQVXVYpUWLFHVGHORViWRPRVGHR[tJHQRSHUWHQHFHQ
DORVLRQHVKLGUR[LOR

)LJXUD2FWDHGURUHSUHVHQWDQGRODHVWUXFWXUDFULVWDOLQDGHODERKHPLWDG
/RV RFWDHGURV IRUPDQ FDSDV GREOHV SHUSHQGLFXODUHV DO HMH E TXH
LQWHUDFFLRQDQHQWUHHOORVDWUDYpVGHHQODFHVGHKLGUyJHQR2+«2(VWHWLSR
GH HQODFH WLHQH HQHUJtDV WtSLFDV GH  N-PRO  TXH VH GHVWUX\HQ D
WHPSHUDWXUDV HQWUH  \ & FXDQGR OD ERKHPLWD VH WUDQVIRUPD HQ
Ȗ$O2 TXH HV OD SULPHUD GH ODV GHQRPLQDGDV DOXPLQDV WUDQVLFLRQDOHV
,QIRUPDFLyQ PiV GHWDOODGD ORQJLWXGHV GH HQODFH FRYDOHQWH 2+ \
HOHFWURVWiWLFR2+«2VREUHHVWHHQODFHVHSXHGHHQFRQWUDUHQDUWtFXORV
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HQ ORV TXH VH OOHYDQ D FDER H[SHULPHQWRV GH GLIUDFFLyQ GH QHXWURQHV
WpFQLFD TXH WDPELpQ KD VLGR HPSOHDGD SDUD FDUDFWHUL]DU RWUDV IDVHV
LVRPRUIDVFRPRODOHSLGRFURFLWDRODIDVHJDPPDGHO)H22+
6HKDFRPHQWDGRDQWHULRUPHQWHTXHODVFDSDVGREOHVGHRFWDHGURV
GHERKHPLWDHVWiQRULHQWDGDVSDUDOHODVDORVHMHVGHODFHOGDXQLGDG$OR
ODUJRGHOHMHcORVRFWDHGURVVHHQFXHQWUDQFRPSDUWLHQGRYpUWLFHVILJXUD
PLHQWUDVTXHDORODUJRGHOHMHaVHHQFXHQWUDQFRPSDUWLHQGRDULVWDV
ILJXUD

)LJXUD3UR\HFFLyQGHODHVWUXFWXUDFULVWDOLQDGHODERKHPLWDSHUSHQGLFXODUDO
HMHa(QOtQHDGLVFRQWLQXDVHPXHVWUDHOHQODFHGHKLGUyJHQRHQWUHODVFDSDV
GREOHVG
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
)LJXUD3UR\HFFLyQGHODHVWUXFWXUDFULVWDOLQDGHODDORODUJRGHODGLUHFFLyQ
>@G
&DGDiWRPRGHR[tJHQRQRSHUWHQHFLHQWHDORVJUXSRVKLGUR[LOR
VHHQFXHQWUDFRPSDUWLGRSRUFXDWURRFWDHGURV3RUHOFRQWUDULRHOiWRPR
GH R[tJHQR GHO JUXSR KLGUR[LOR VyOR VH HQFXHQWUD FRPSDUWLGR SRU GRV
RFWDHGURV(VWDGLVWULEXFLyQUHYHODTXHODVLQWHUDFFLRQHVDORODUJRGHOSODQR
a-cGHELGDVDODLQWHUDFFLyQHQWUHiWRPRVGHR[tJHQRFRPSDUWLGRVSRU
RFWDHGURV \ ORV iWRPRV GH DOXPLQLR VRQPiV IXHUWHV TXH OD LQWHUDFFLyQ
HQWUHGRVRFWDHGURVGH ODGREOH FDSD ORTXH ILQDOPHQWH IDYRUHFHTXHHO
FUHFLPLHQWR GHO FULVWDO VH SURGX]FD D OR ODUJR GH ORV SODQRV \ QR
SHUSHQGLFXODUHV D HOORV  'HELGR D HVWR OD VXSHUILFLH GHO FULVWDO VH
HQFXHQWUD WRWDOPHQWH FXELHUWD GH JUXSRV KLGUR[LOR XQLGRV D iWRPRV GH
DOXPLQLR /RV iWRPRV GH R[tJHQR SHUWHQHFLHQWHV D ORV JUXSRV KLGUR[LOR
WLHQHQ XQ RUELWDO OLEUH UHVSRQVDEOH GH ORV HQODFHV GH KLGUyJHQR TXH
PDQWLHQHQXQLGDVODVGREOHVFDSDVGHRFWDHGURVFXDQGRHOFULVWDOFUHFH6L
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HO FULVWDO QR FRQWLQ~D FUHFLHQGR ORV JUXSRV KLGUR[LOR VH TXHGDQ HQ OD
VXSHUILFLH GH PDQHUD TXH SRGUtDQ VHU HPSOHDGRV SDUD PRGLILFDU OD
VXSHUILFLHGHODERKHPLWDFRQPROpFXODVRUJiQLFDVILJXUDVLHQGRpVWH
XQRGHORVREMHWLYRVSULQFLSDOHVGHHVWXGLRGHODSUHVHQWHWHVLVGRFWRUDO

)LJXUD'LIHUHQWHVPRGRVGHFRRUGLQDFLyQDODVXSHUILFLHGHERKHPLWD
(Q OD ILJXUD  VH PXHVWUD XQ SDWUyQ GH GLIUDFFLyQ GH UD\RV ;
H[SHULPHQWDOREWHQLGRSDUDXQDGHODVPXHVWUDVVLQWHWL]DGDVGHERKHPLWD
FRQYDORUHVGHT GH \/RVSLFRVGH
GLIUDFFLyQVRQDQFKRVHQFRPSDUDFLyQFRQRWURVSDWURQHVGHGLIUDFFLyQOR
TXHUHIXHU]DODLGHDGHTXHHOWDPDxRGHORVFULVWDOLWRVHVSHTXHxR(VPiV
FRPRSXHGHYHUVHHQODILJXUDODDQFKXUDGHODVEDQGDVHVGLIHUHQWHVLHQGR
ODSULPHUDUHIOH[LyQFRUUHVSRQGLHQWHDODPiVDQFKDTXHHOUHVWR
Capítulo 2. 


)LJXUD'LIUDFWRJUDPDH[SHULPHQWDOGHXQDPXHVWUDGHQDQRSDUWtFXODVGH
ERKHPLWD

6tQWHVLV
/DVGLIHUHQWHV UXWDVGHVtQWHVLVGHERKHPLWDFULVWDOLQDVHSXHGHQ
DJUXSDUHQWUHVJUDQGHVEORTXHV
'HVFRPSRVLFLyQGHODJLEVLWDRKLGUDUJLOLWD$O2+FRQWURODQGR
WDQWR OD WHPSHUDWXUD FRPR OD YHORFLGDG GH FDOHQWDPLHQWR DVt FRPR OD
SUHVLyQGHOYDSRU
3UHFLSLWDFLyQHQGLVROXFLyQDFXRVDDSDUWLUGHGLVROXFLRQHViFLGDVR
EiVLFDV GH DOXPLQLR FRQWURODQGR HO SURFHVR SRU PHGLR GH UHDFWLYRV
EiVLFRV    1D2+ 1+ 1D&2 R iFLGRV  &2 +&O +12 OD
YHORFLGDG GH DGLFLyQ OD WHPSHUDWXUD HO S+ ILQDO \ HO WLHPSR GH
UHDFFLyQ
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 3URFHGLPLHQWR VROJHO JHQHUDOPHQWH D SDUWLU GH DOFRKRODWRV GH
DOXPLQLR FRQ OD SRVLELOLGDG GH REWHQHU WDQWR [HURJHOHV       FRPR
DHURJHOHV
'DGR TXH ODV GRV ~OWLPDV YtDV VRQ ODV PiV XVXDOHV HQ HO FDPSR GH OD
LQYHVWLJDFLyQVHYDDSURFHGHUDSURIXQGL]DUXQSRFRPiVHQHOODV
/DV GLVROXFLRQHV GH ERKHPLWD SXHGHQ SUHSDUDUVH FRPR VH KD
FRPHQWDGR DQWHULRUPHQWH D WUDYpV GH OD KLGUyOLVLV GH DOFy[LGRV GH
DOXPLQLRGHODKLGUyOLVLVIRU]DGDGHYDULDVVDOHVGHDOXPLQLRRPHGLDQWHOD
SHSWL]DFLyQ GH KLGUy[LGRV GH DOXPLQLR 6H KD FRPSUREDGR TXH DOJXQDV
SURSLHGDGHVGHODVSDUWtFXODVGHERKHPLWDFRPRHOWDPDxRODPRUIRORJtD
\ODPLFURHVWUXFWXUDGHSHQGHQHQJUDQPHGLGDGHORVUHDFWLYRVHPSOHDGRV
HQVXVtQWHVLV\ODVFRQGLFLRQHVH[SHULPHQWDOHVXWLOL]DGDV3RUHMHPSORVL
ODGLVROXFLyQGH OD VDOGHDOXPLQLRDR HO DOFy[LGRGHDOXPLQLRLQLFLDO
FRQWLHQHFLHUWRVDQLRQHVLRQHVVXOIDWR\VHPDQWLHQHDDOWDVWHPSHUDWXUDV
VHREWLHQHXQDGLVROXFLyQDFXRVDIRUPDGDSRUSDUWtFXODVHVIpULFDVFRQXQ
DOWRJUDGRGHKRPRJHQHLGDG&RQWURODQGRODFRQFHQWUDFLyQLQLFLDOGHODVDO
GHDOXPLQLR\GHVXOIDWRHOS+LQLFLDO\ODWHPSHUDWXUDHVWDPELpQSRVLEOH
OD REWHQFLyQ GH XQ y[LGR GH DOXPLQLR DPRUIR TXH HYROXFLRQD KDFLD OD
FULVWDOL]DFLyQGHERKHPLWD
7DPELpQ VH KD HVWXGLDGR OD SUHSDUDFLyQ GH XQD GLVSHUVLyQ GH
ERKHPLWD FRORLGDO D SDUWLU GH GLVROXFLRQHV GH FORUXUR R SHUFORUDWR GH
DOXPLQLR$XQDFRQFHQWUDFLyQGDGDGHVDOODYHORFLGDGGHFUHFLPLHQWRGH
ODVSDUWtFXODVVHYHLQIOXHQFLDGDSRUODWHPSHUDWXUDILQDOGHUHDFFLyQF
3RURWUDSDUWHVHKDGHVFXELHUWRODLPSRUWDQFLDWDQWRGHOWLSRFRPR
GH OD FRQFHQWUDFLyQ GHO iFLGR \ GH OD WHPSHUDWXUD GH UHDFFLyQ HQ OD
IRUPDFLyQGHODGLVROXFLyQFRORLGDO/RVSULPHURVWUDEDMRVGHVDUUROODGRV
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VREUHHVWHSXQWRIXHURQSXEOLFDGRVSRU<ROGDVHWDOHQ(QWUHORV
SDUiPHWURVDWHQHUHQFXHQWDHQODVtQWHVLVGHODERKHPLWDVHYLyTXHHO
WLSRGHiFLGRMXHJDXQSDSHOFUXFLDOPXFKRPiVLPSRUWDQWHTXHHOS+GHO
VLVWHPD(OSURFHVRGHSHSWL]DFLyQVHFRPSOHWDFXDQGRODFRQFHQWUDFLyQGH
+&O+12R+&O2YDUtD HQWUH\PROHV GH iFLGRSRUPROGH
KLGUy[LGR3DUHFHVHUTXHKD\GRVUHTXLVLWRVSULQFLSDOHVTXHGHEHFXPSOLU
HOiFLGRXWLOL]DGRHQ ODSHSWL]DFLyQ3RUXQDSDUWHHODQLyQGHOiFLGROD
EDVH FRQMXJDGD GHO iFLGR QR GHEH FRPSOHMDUVH FRQ ORV LRQHV DOXPLQLR
SUHVHQWHV HQ OD GLVROXFLyQ \ SRU RWUD SDUWH HO iFLGR GHEH VHU OR
VXILFLHQWHPHQWHIXHUWHSDUDSURGXFLUHOHIHFWRGHFDUJDHQODVXSHUILFLHGH
ODVQDQRSDUWtFXODVDQWHULRUPHQWHPHQFLRQDGR/DYHORFLGDGGHSHSWL]DFLyQ
GHSHQGHWDPELpQHQJUDQPHGLGDGHOWUDWDPLHQWRWpUPLFRWHPSHUDWXUDV\
SUHVLRQHVDOWDV OD IDYRUHFHQPLHQWUDVTXHHQ ORVFDVRVHQ ORVTXHVHKD
XWLOL]DGRWHPSHUDWXUDVGHUHDFFLyQSRUGHEDMRGHORV&ODYHORFLGDGGH
SHSWL]DFLyQGLVPLQX\HGHPDQHUDGUiVWLFD
0LORQMLF et al KDQ GHVFULWR OD SUHSDUDFLyQ GH GLVROXFLRQHV GH
ERKHPLWD GH GLIHUHQWHV IRUPDV \ WDPDxRV GH SDUWtFXOD PHGLDQWH OD
SHSWL]DFLyQKLGURWHUPDOGHSUHFLSLWDGRVGHKLGUy[LGRGHDOXPLQLR(VWRV
DXWRUHV REWXYLHURQSDUWtFXODV HVIpULFDV GH ERKHPLWD DO SHSWL]DU$O2+
FRQ+12D&PLHQWUDVTXHDOYDULDUODWHPSHUDWXUDGHUHDFFLyQD
 R  & REWXYLHURQ SDUWtFXODV KH[DJRQDOHV R ILEULODUHV
UHVSHFWLYDPHQWH3RURWUDSDUWH ORVPLVPRVDXWRUHVHVWXGLDURQHOHIHFWR
TXHWHQtDODSUHVHQFLDGHGLIHUHQWHVDQLRQHVHQODGLVROXFLyQHQODIRUPD\
HO WDPDxR ILQDO GH ODV SDUWtFXODV GH ERKHPLWD2EVHUYDURQ HO GLIHUHQWH
JUDGR GH HVWDELOLGDG GH ODV GLVROXFLRQHV FRORLGDOHV HQ SUHVHQFLD GH
GLIHUHQWHV DQLRQHV 12 &O , 62 \ >)H&1@ \ FyPR OD
FRQFHQWUDFLyQFUtWLFDGHDQLyQDODFXDOVHSURGXFHODFRDJXODFLyQGHODV
SDUWtFXODVGLVPLQX\HDODXPHQWDUHOS+GHODGLVROXFLyQ
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3RURWURODGR*LHVHOPDQQ\$QGHUVRQKDQLQYHVWLJDGRHOHIHFWRGH
OD IXHU]D LyQLFDHQ OD IRUPDFLyQGHOJHOGHERKHPLWD\KDQHQFRQWUDGR
TXH OD IRUPDFLyQ GH ORV JHOHV HQ SUHVHQFLD GH VDOHV FRQ DQLRQHV
PRQRYDOHQWHVVHSURGXFHFXDQGRVHDOFDQ]DODIXHU]DLyQLFDFUtWLFDTXHVH
YHLQFUHPHQWDGDFRQIRUPHDXPHQWDHOWDPDxRGHODQLyQ
%XLQLQJHWDOLQYHVWLJDURQODLQIOXHQFLDGHOWLSRGHDOFy[LGR\GHOD
UHODFLyQ DOFy[LGRiFLGR HQ OD IRUPD \ ORQJLWXG ILQDOHV GH ODV ILEUDV GH
ERKHPLWD  &RQWURODQGR ODV FDQWLGDGHV GH HVWRV GRV UHDFWLYRV IXHURQ
FDSDFHVGHVLQWHWL]DUILEUDVFRQXQDORQJLWXGHQWUH\QP
(QODSUHVHQWHWHVLVGRFWRUDOVHKDGHFLGLGRXWLOL]DUXQSURFHGLPLHQWR
VLQWpWLFR GHULYDGR GHO WUDEDMR GH <ROGDV et al HQ OD SUHSDUDFLyQ GH
QDQRSDUWtFXODV GH ERKHPLWD &RPR IXHQWH GH DOXPLQLR VH HPSOHy WHUW
EXWy[LGRGHDOXPLQLR\SDUDOOHYDUDFDERODSHSWL]DFLyQVHXWLOL]y+12
HQUHODFLyQ$O+DODWHPSHUDWXUDGH&

9HQWDMDVGHOXVRGHERKHPLWDFRPRVLVWHPDQDQRHVWUXFWXUDGR
$ODKRUDGHHVFRJHUXQPDWHULDOSDUDHOGLVHxRGHOTXLPLRVHQVRU
KtEULGR HV UHFRPHQGDEOH TXH VHD ³LQHUWH´ GHVGH XQ SXQWR GH YLVWD
IRWRTXtPLFRVLQHPEDUJRVHGHEHQWHQHUHQFXHQWDRWUDVFDUDFWHUtVWLFDVR
SURSLHGDGHV \D TXH FRPR VH KD LQWHQWDGR PRVWUDU DQWHULRUPHQWH FDGD
DUTXLWHFWXUDSUHVHQWDYHQWDMDVH LQFRQYHQLHQWHVVHJ~Q ODDSOLFDFLyQ ILQDO
GHOVLVWHPD
(O DQiOLVLV GH ORV UHVXOWDGRV SUHYLRV REWHQLGRV FRQ GLIHUHQWHV
R[RKLGUy[LGRVPHWiOLFRVQRVOOHYyDVHOHFFLRQDUODIRUPDFULVWDOLQDJGHO
R[RKLGUy[LGR GH DOXPLQR ERKHPLWD SDUD UHDOL]DU OD SUHVHQWH WHVLV
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GRFWRUDO \D TXH HVWH PDWHULDO FXPSOH ORV UHTXLVLWRV QHFHVDULRV \ PiV
LPSRUWDQWHV D OD KRUD GH REWHQHU XQ PDWHULDO KtEULGR IOXRUHVFHQWH FRQ
DSOLFDFLRQHVTXLPLRVHQVRUDV
/DERKHPLWDHVIRWRItVLFDPHQWHLQHUWHHVGHFLUHVWUDQVSDUHQWH
DODOX]YLVLEOH\SRUORWDQWRQRSDUWLFLSDHQSURFHVRVGHWUDQVIHUHQFLDGH
HQHUJtD\HOHFWURQHV543RUHVWDUD]yQWRGDVODVSURSLHGDGHVIRWRTXtPLFDV
GH ODV QDQRSDUWtFXODV OXPLQLVFHQWHV GH ERKHPLWD YLHQHQ GDGDV SRU HO
TXLPLRVHQVRUDOFRQWUDULRGHORTXHVXFHGHHQODVPDWULFHVIRWRDFWLYDVTXH
SXHGHQVXIULUSURFHVRVGHIRWRGHVFRPSRVLFLyQFRPRHQHOFDVRGHOXVRGH
WLWDQLDRVLPSOHPHQWHFDXVDUODLQKLELFLyQGHODOXPLQLVFHQFLDFRPRHQHO
FDVRGHODVQDQRSDUWtFXODVGHRUR
$GHPiV ODERKHPLWDQRSUHVHQWDXQD WR[LFLGDG LQWUtQVHFD\
SRUHVWDUD]yQODVQDQRSDUWtFXODVGHERKHPLWDSXHGHQVHUDGHFXDGDVSDUD
DSOLFDFLRQHVin vivo,\DTXHQRH[SHULPHQWDQRQRVRQREMHWRGHDWDTXH
PLFURELDQR$XQTXHXQDLQYHVWLJDFLyQPiVSURIXQGDHVQHFHVDULDHQHVWH
FRQWH[WRHVWXGLRVSUHOLPLQDUHVHVWiQGHDFXHUGRFRQODQDWXUDOH]DEHQLJQD
GH ODVQDQRSDUWtFXODVGHERKHPLWD'HVGH HVWHSXQWRGHYLVWD ORV4'¶V
SUHVHQWDQFODUDVGHVYHQWDMDVGHELGRDVXVHOHPHQWRVFRQVWLWX\HQWHVQRFLYRV
FRPRVRQHOFDGPLR\HOVHOHQLR4XL]iRWURDVSHFWRUHODFLRQDGRFRQHVWH
SXQWR VHD OD SRVLELOLGDG GH ³VROXELOL]DU´PROpFXODVPX\ KLGUyIREDV HQ
PHGLRDFXRVR
 &DGD QDQRSDUWtFXOD GH ERKHPLWD SXHGH FRQWHQHU XQ JUDQ
Q~PHURGHXQLGDGHV IRWRTXtPLFDPHQWHDFWLYDV6HKDHQFRQWUDGRTXHHO
JUDGRGHIXQFLRQDOL]DFLyQGHXQDQDQRSDUWtFXODGHERKHPLWDVHHQFXHQWUD
DOUHGHGRUGH[PROHVGHTXLPLRVHQVRUSRUJUDPRGHVyOLGRSRUORTXH
HO REMHWLYR GH REWHQHU XQD SDUWtFXOD DOWDPHQWH OXPLQLVFHQWH SXHGH VHU
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FXPSOLGRIiFLOPHQWH\DTXHHOFRHILFLHQWHGHH[WLQFLyQHVLJXDODODVXPD
GHORVFRHILFLHQWHVGHFDGDFURPyIRUR
 8QD YH] TXH VH KDQ GHVFULWR ODV YHQWDMDV GHO XVR GH
QDQRSDUWtFXODVGHERKHPLWDHVLPSRUWDQWHDQDOL]DUODVYtDVGHVtQWHVLV\D
TXH DXQTXH H[LVWHQ YDULDV PHWRGRORJtDV WRGDV HOODV FRPSDUWHQ FLHUWDV
FDUDFWHUtVWLFDV XVXDOPHQWH QR VH UHTXLHUH UHDFWLYRV FDURV FRQGLFLRQHV
H[WUHPDV \ VRQ UHDFFLRQHV UHODWLYDPHQWH VLPSOHV TXH QR VXSRQHQ
SURFHGLPLHQWRVGHVHSDUDFLyQFRPSOLFDGRV(VPiV ODYHUVDWLOLGDGGHOD
VtQWHVLV SHUPLWH HO GLVHxR GH SDUWtFXODV OXPLQLVFHQWHV FRQ SURSLHGDGHV
TXtPLFDV DGHFXDGDV SDUD ODV DSOLFDFLRQHV GHVHDGDV LQFOX\HQGR ODV
UHODFLRQDGDVFRQH[SHULPHQWRVin vivo(VWRVFXDWURSXQWRVVRQVXILFLHQWHV
SDUDIRPHQWDUHOXVRGHQDQRSDUWtFXODVGHERKHPLWDHQHOGLVHxRHILFLHQWH
GHTXLPLRVHQVRUHVIOXRUHVFHQWHV
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$ORODUJRGHORV~OWLPRVDxRVVHKDSURGXFLGRXQJUDQDYDQFHHQOD
SUHSDUDFLyQFDUDFWHUL]DFLyQ\DSOLFDFLRQHVGHVHQVRUHVySWLFRVEDVDGRVHQ
PDWHULDOHV QDQRHVWUXFWXUDGRV \ PiV FRQFUHWDPHQWH HQ VRSRUWHV
QDQRSDUWLFXODGRV FRQ GLVWLQWDV DUTXLWHFWXUDV 'HQWUR GH HVWH PDUFR VH
LQFOX\HODSUHVHQWH7HVLV'RFWRUDORULHQWDGDKDFLDHOGLVHxRODVtQWHVLV\OD
FDUDFWHUL]DFLyQGHVLVWHPDVKtEULGRVFRQDSOLFDFLRQHVPHGLRDPELHQWDOHV\
ELRPpGLFDVFX\RVREMHWLYRVSULQFLSDOHVVHGHVFULEHQDFRQWLQXDFLyQ
2%-(7,92  6tQWHVLV \ FDUDFWHUL]DFLyQ GH QDQRSDUWtFXODV
R[tGLFDV
6HYDDH[SORUDUODKLGUyOLVLVGHDOFy[LGRVGHDOXPLQR\VLOLFLRGH
FDUDD ODREWHQFLyQSRUXQODGRGHQDQRSDUWtFXODVGHJR[RKLGUy[LGRGH
DOXPLQLRERKHPLWD\SRURWURGHQDQRSDUWtFXODVFRQDUTXLWHFWXUDGHWLSR
Q~FOHRHQYROWXUDFRPSXHVWDVSRUXQQ~FOHRGHERKHPLWD\XQDHQYROWXUD
GHVtOLFHDPRUID
2%-(7,92)XQFLRQDOL]DFLyQGHQDQRSDUWtFXODVFRQDUTXLWHFWXUD
Q~FOHRHQYROWXUDSDUDODGHWHFFLyQGHPHUFXULRHQDJXD
0HGLDQWHODFRQGHQVDFLyQGHORVJUXSRV2+TXHVHHQFXHQWUDQHQ
ODQDQRSDUWtFXOD FRQJUXSRV VLODQR VHYDPRGLILFDU OD VXSHUILFLHGH ODV
QDQRSDUWtFXODVFRQSROLDPLQDVGHFDGHQDDELHUWDPRGLILFDGDVFRQXQLGDGHV
DQWUDFHQR 6H YDQ D VLQWHWL]DU GLIHUHQWHV VLVWHPDV KtEULGRV YDULDQGR OD
FDQWLGDGGHJUXSRVDPLQRSUHVHQWHVHQODVFDGHQDVSROLDPtQLFDV
/RVVLVWHPDVREWHQLGRVVHYDQDHYDOXDUFRPRGHWHFWRUHVGH+J,,
HQDJXDDGLIHUHQWHVS+V

Objetivos. 


2%-(7,92  )XQFLRQDOL]DFLyQ GH QDQRSDUWtFXODV GH ERKHPLWD
SDUDVXHYDOXDFLyQFRPRDJHQWHVGHFRQWUDVWH\VRQGDVOXPLQLVFHQWHV
/RV LRQHV ODQWiQLGRVSRVHHQSURSLHGDGHV IRWRItVLFDV\PDJQpWLFDV
PX\ LQWHUHVDQWHV TXH ORV FRQYLHUWHQ HQ EXHQRV FDQGLGDWRV SDUD HO
GHVDUUROORGHVRQGDVOXPLQLVFHQWHV\DJHQWHVGHFRQWUDVWHGHLPDJHQ3RU
HOOR VH YD D H[SORWDU GH QXHYR OD UHDFWLYLGDG TXH RIUHFHQ ORV JUXSRV
KLGUR[LORHQODVXSHUILFLHGHODQDQRSDUWtFXODVSDUDDQFODUHQVXVXSHUILFLH
GRV OLJDQGRV FDSDFHV GH IRUPDU FRPSOHMRV HVWDEOHV FRQ WUHV FDWLRQHV
ODQWiQLGRV(X,,,7E,,,\*G,,,
6H YDQ DPRGLILFDU TXtPLFDPHQWH ODVPROpFXODV RUJiQLFDV'73$
iFLGRGLHWLOHQWULDPLQRSHQWDDFpWLFRGLDQKtGULGR\'27$iFLGR
WHWUDD]DFLFORGRGHFDQRWHWUDDFpWLFR SDUD SRGHU DQFODUODV D OD
VXSHUILFLHGHODVQDQRSDUWtFXODVGHERKHPLWD
/RVFRPSOHMRVGHORVVLVWHPDVKtEULGRVREWHQLGRVVHYDQDHVWXGLDU
SRU GLIHUHQWHV WpFQLFDV FRPR DJHQWHV GH FRQWUDVWH GH LPDJHQ \ VRQGDV
OXPLQLVFHQWHV
2%-(7,92  )XQFLRQDOL]DFLyQ GH QDQRSDUWtFXODV GH ERKHPLWD
SDUDODGHWHFFLyQGHVXOIDWRHQDJXD
6HYDDPRGLILFDUODVXSHUILFLHGHODVQDQRSDUWtFXODVGHERKHPLWD\
ODVQDQRSDUWtFXODVGHERKHPLWDVtOLFHFRQDUTXLWHFWXUDQ~FOHRHQYROWXUD
FRQ GLIHUHQWHV PROpFXODV RUJiQLFDV FX\D HVWUXFWXUD FRQWLHQH JUXSRV
HVFXDUDPLGD\DPLQDVFXDWHUQL]DGDV
6HYDDHYDOXDUODFDSDFLGDGGHORVVLVWHPDVKtEULGRVREWHQLGRVSDUD
GHWHFWDU DQLRQHV VXOIDWR HQ GLVROXFLyQ DFXRVD /RV HVWXGLRV GH
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UHFRQRFLPLHQWRVHYDQDOOHYDUDFDERPHGLDQWHHQVD\RVGHGHVSOD]DPLHQWR
XWLOL]DQGRFRPRFURPyIRURHOYHUGHGHEURPRFUHVRO
2%-(7,92  6tQWHVLV GH QDQRSDUWtFXODV GH ERKHPLWD SDUD OD
GHWHFFLyQGH\RGXURHQDJXD
6HYDQDSUHSDUDUWUHVVLVWHPDVKtEULGRVHQORVTXHODVXSHUILFLHGH
ERKHPLWDVHYDPRGLILFDUFRQSROLDPLQDVDELHUWDVOLQHDOHV\WULSRGDOHVTXH
FRQWLHQHQXQLGDGHVSLUHQRHQVXHVWUXFWXUD&RQHOILQGHHYDOXDUHOSDSHO
TXHMXHJDQODVQDQRSDUWtFXODVHQHOSURFHVRGHUHFRQRFLPLHQWRVHYDQD
HVWXGLDU ODVPROpFXODV RUJiQLFDV OLEUHV$GHPiV VH YDQ D VLQWHWL]DU ODV
PROpFXODVRUJiQLFDVGHPDQHUDTXHVHYDUtHODGLVWDQFLDHQWUHHOIOXRUyIRUR
\ OD VXSHUILFLH GH ODV QDQRSDUWtFXODV SDUD YHU VL KD\ XQ HIHFWR HQ ODV
SURSLHGDGHVIRWRItVLFDVGHORVVLVWHPDVKtEULGRV
6HYDDHVWXGLDUHOFRPSRUWDPLHQWRiFLGREDVHGHWRGRVORVVLVWHPDV
PHGLDQWHGLIHUHQWHVWpFQLFDV\VHYDQDFRPSDUDUORVUHVXOWDGRVREWHQLGRV
HQWUHORVOLJDQGRVVRSRUWDGRV\QRVRSRUWDGRVHQODVQDQRSDUWtFXODV
)LQDOPHQWHVHYDDHVWXGLDUODLQWHUDFFLyQGHWRGRVORVVLVWHPDVFRQ
GLIHUHQWHVDQLRQHV\VXFDSDFLGDGGHGHWHFWDU\RGXURHQDJXD


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1RWH7KLVFKDSWHUKDV LQWHQWLRQDOO\EHHQZULWWHQ LQ(QJOLVK LQ
RUGHUWRREWDLQWKHHXURSHDQGRFWRUDOGHJUHH
1RWD(VWHFDStWXORKDVLGRHVFULWRHQ LQJOpVSDUD ODREWHQFLyQGHO
GRFWRUDGRHXURSHR 

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1XFOHDUPDJQHWLFUHVRQDQFHPHDVXUHPHQWV
6\QWKHWLFFRPSRXQGVZHUHFKDUDFWHULVHGE\105XVLQJD%UXNHU
$GYDQFH '3;  0+] DQG %UXNHU $GYDQFH '3;  0+]
VSHFWURPHWHUVORFDWHGLQWKH&HQWUDO6HUYLFHIRU([SHULPHQWDO5HVHDUFKDW
WKH 8QLYHULW\ RI 9DOHQFLD 6&6,( 89 RSHUDWLQJ DW 0+] DQG
 0+] IRU + DQG DW  0+] DQG  0+] IRU &
UHVSHFWLYHO\ $SSURSULDWH GHXWHUDWHG VROYHQWV ZHUH XVHG WR DFTXLUH WKH
105H[SHULPHQWV0QRYD105VRIWZDUHZDVXVHGIRUGDWDSURFHVVLQJ
DQGYLVXDOLVDWLRQ
7ULPHWK\OVLO\OSURSLRQLFGDFLGVRGLXPVDOWZDVXVHGDV
D UHIHUHQFH VWDQGDUG IRU WKHDFLGEDVH105WLWUDWLRQVWXGLHV FKDSWHU
į SSPIRU+DQGį SSPIRU&
$GMXVWPHQWVWRWKHGHVLUHGS+YDOXHVZHUHGRQHXVLQJGURSVRI'&O
RU1D2'VROXWLRQV7KHS'ZDVFDOFXODWHGIURPWKHPHDVXUHGS+YDOXHV
XVLQJWKHFRUUHODWLRQS+ S'
6L 105 VWXGLHV ZHUH FDUULHG RXW RQ D 9DULDQ 81,7< 
VSHFWURPHWHU DW D UHVRQDQFH IUHTXHQF\ RI 0+] 7KH0$6105
VSHFWUDZHUHUHFRUGHGZLWKDPP]LUFRQLXPR[LGHURWRUVSLQQLQJDW
N+]$VLQJOHSXOVHZDVXVHGZLWKDQDFTXLVLWLRQWLPHRI±V
DQGDGHOD\ WLPHRI±V&KHPLFDO VKLIWVZHUHPHDVXUHG UHODWLYH WR
WHWUDPHWK\OVLODQH706
$O 105 VSHFWUD ZHUH UHFRUGHG RQ D %UXNHU $YDQFH 
VSHFWURPHWHUDWDUHVRQDQFHIUHTXHQF\RI0+]5HOD[DWLRQGHOD\
WLPHVRI±VDQGDFTXLVLWLRQWLPHVRIVZHUHXVHG

Material and methods. 
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0HOWLQJSRLQW
0HOWLQJSLQWVZHUHSHUIRUPHGLQD5HLGHUHTXLSPHQW6&6,(89

&+1DQDO\VLV
&+1HOHPHQWDODQDO\VLVRIWKHV\QWKHWLVHGFRPSRXQGVZHUHGRQH
ZLWK DQ ($ &+162 &DUOR(OED HTXLSPHQW 6&6,( 89 7KH
PHDVXUHPHQWVZHUH FDUULHG RXW WZLFH DQG WKH ILQDO YDOXHV DUH WKH
DYHUDJH

6SHFWURPHWULFPHDVXUHPHQWV
6\QWKHVL]HGFRPSRXQGVZHUHFKDUDFWHUL]HGE\PDVVVSHFWURPHWU\
LQ DQ(648,5(3/86 ,RQ7UDSPDVV VSHFWURPHWHU 6&6,(89
DWWDFKHG WR DQ $*,/(17  +3/&06 KLJKSHUIRUPDQFH OLTXLG
FKURPDWRJUDSK

3RZGHU;UD\GLIIUDFWLRQ
7KH;5'LQYHVWLJDWLRQZDVSHUIRUPHGXVLQJD'GLIIUDFWRPHWHU
ZLWK D JUDSKLWH PRQRFKURPDWRU IRU ILOWHULQJ &X.D UDGLDWLRQ
O cZLWKDGLYHUJHQFHVOLWDQJOHRIDQDQWLVFDWWHUVOLWDQJOH
LQWKHGLIIUDFWHGEHDPRIDQGDUHFHLYLQJVOLWZLGWKRIPP6&6,(
89
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3RZGHUHG VDPSOHVZHUH VSUD\HGRQJODVV VDPSOHKROGHUV DQG WKH
GDWDFROOHFWHGLQ%UDJJ±%UHQWDQRJHRPHWU\$UHIHUHQFHSDWWHUQXVHGIRU
HYDOXDWLQJ LQVWUXPHQWDO ;5' OLQH EURDGHQLQJ ZDV UHFRUGHG IURP
ODQWKDQXPKH[DERULGH1,67VWDQGDUGUHIHUHQFHPDWHULDOD
&RUHVKHOO VLOLFDERHKPLWH VDPSOHV ZHUH UHFRUGHG IRU GLIIUDFWLRQ
DQJOHVLQWKHTUDQJHZLWKDVWHSVL]HRITDQGDFRXQWLQJ
WLPHRIVSHUVWHS
%RHKPLWHVDPSOHVZHUHUHFRUGHGIRUGLIIUDFWLRQDQJOHVLQWKH
TUDQJHZLWKDVWHSVL]HRITDQGDFRXQWLQJWLPHRIVSHUVWHS

,QIUDUHGWUDQVPLVVLRQVSHFWUD
0HDVXUHPHQWV ZHUH REWDLQHG ZLWK D 3HUNLQ (OPHU VSHFWURPHWHU
0RGHOLQWKH±FPUDQJHXVLQJWKH.%USHOOHWPHWKRG

7UDQVPLVVLRQHOHFWURQPLFURVFRS\
7KH PRUSKRORJ\ RI DVSUHSDUHG DQG VHQVRUFRQWDLQLQJ ERHKPLWH
SDUWLFOHVZDVH[DPLQHGXVLQJD-HROWUDQVPLVVLRQHOHFWURQPLFURVFRSH
DWDQDFFHOHUDWLQJYROWDJHRIN96&6,(89
6DPSOHV ZHUH SUHSDUHG E\ GLVSHUVLQJ DVSURGXFHG SRZGHUV LQ
DEVROXWHHWKDQRODQGVHWWLQJGURSZLVHRQFRSSHUJULGVWKDWKDGSUHYLRXVO\
EHHQFRDWHGZLWKDKROH\WKLQFDUERQILOP

Material and methods. 
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(QHUJ\GLVSHUVLYH;UD\
7KHFKHPLFDOFRPSRVLWLRQRIWKHQDQRSDUWLFOHVZDVDQDO\VHGXVLQJ
DQ HQHUJ\ GLVSHUVLYH ;UD\ ('; VSHFWURPHWHU DWWDFKHG WR D KLJK
UHVROXWLRQVFDQQLQJHOHFWURQPLFURVFRSH7KH(';VSHFWUDRIWKHWZRW\SHV
RI QDQRSDUWLFOHV EDVHG RQ '2$ RU '73$ FKHODWLQJ PRLHWLHV ZHUH
SHUIRUPHGDWOHDVWWHQWLPHVDWGLIIHUHQWVSRWVIRUHDFKVDPSOH

7DEOH;UD\HPLVVLRQYDOXHV.H9RIWKHHOHPHQWVLQYHVWLJDWHGLQFKDSWHU
 .D .ȕ .DE /D /ȕ /ȕ 0
&       
2       
6L       
$O       
(X       
*G       
7E       

7KHUPDODQDO\VLV
6LPXOWDQHRXV WKHUPRJUDYLPHWULF DQGGLIIHUHQWLDO WKHUPDO DQDO\VHV
ZHUHFDUULHGRXWRQD6HWDUDP7*'7$WKHUPREDODQFHXVLQJPJRI
VDPSOH$YDFXXPSXUJHRIDWPRVSKHULFDLUZDVGRQHEHIRUHVWDUWLQJWKH
H[SHULPHQWV
 
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3RWHQWLRPHWULFPHDVXUHPHQWV
3RWHQWLRPHWULF VWXGLHV ZHUH FDUULHG RXW XVLQJ D SRWHQWLRPHWHU
FRQWUROOHGE\D3HQWLXP'XDO&RUH(SHUVRQDOFRPSXWHU7KHEXUHWWH
FRQWURODQGGDWDDFTXLVLWLRQZHUHSHUIRUPHGZLWKWKHFRPSXWHUSURJUDP
3$6$7
7KHJODVVHOHFWURGHZDVFDOLEUDWHGSUHYLRXVO\WRHDFKWLWUDWLRQ7KH
FDOLEUDWLRQZDVGRQHDVDK\GURJHQLRQFRQFHQWUDWLRQSUREHE\WLWUDWLRQRI
VWDQGDUGL]HG DPRXQWV RI +&O ZLWK &2IUHH 1D2+ VROXWLRQ 7KH
HTXLYDOHQWSRLQWZDVGHWHUPLQHGE\WKH*UDQ¶VPHWKRGZKLFKJLYHVWKH
VWDQGDUGSRWHQWLDO(
DQGWKHLRQLFSURGXFWRIZDWHUS.Z $
:LOKHOP EULGJH ILOOHGZLWK 01D&OZDV XVHG WR VHSDUDWH WKH JODVV
HOHFWURGH&ULVRQ$J$J&ODQGWKHUHIHUHQFHHOHFWURGH&ULVRQ
$J$J&OLQ01D&OVROXWLRQ
3RWHQWLRPHWULF WLWUDWLRQV ZHUH FDUULHG RXW DW  . XVLQJ
1D&O0DVVXSSRUWLQJHOHFWURO\WHDQGXQGHU$UDWPRVSKHUH7KHS+
UDQJH LQYHVWLJDWHG ZDV  DQG WKH FRUUHVSRQGLQJ LRQ DQG OLJDQG
FRQFHQWUDWLRQVUDQJHGIURP[WR[0
7KH+<3(548$'SURJUDPZDVXVHGWRILWWKHSURWRQDWLRQDQG
VWDELOLW\ FRQVWDQWV 7KH GLIIHUHQW WLWUDWLRQ FXUYHV IRU HDFK V\VWHPZHUH
WUHDWHG DV VHSDUDWHG FXUYHV :KHQ PRUH WKDQ RQH PRGHO ILWV WKH
H[SHULPHQWDO GDWD WKH PRVW UHOLDEOH FKHPLFDO PRGHO ZDV FKRVHQ E\
SHUIRUPLQJF WHVWVDWWKHFRQILGHQFHOHYHO)LQDOO\WKHVHWVRIGDWD
ZHUHPHUJHGWRJHWKHUDQGWUHDWHGVLPXOWDQHRXVO\WRJLYHWKHILQDOVWDELOLW\
FRQVWDQWV 7KH +<66 SURJUDPPH ZDV XVHG WR SORW WKH GLVWULEXWLRQ
GLDJUDPVRIVSHFLHV

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6WHDG\VWDWHIOXRUHVFHQFH
6WHDG\VWDWH IOXRUHVFHQFH VSHFWUD ZHUH PHDVXUHG ZLWK D
VSHFWURIOXRURPHWHU37,HTXLSSHGZLWKDODPSSRZHUVXSSO\/36%
0'DQGDQ3KRWRPXOWLSOLHU'HWHFWLRQ6\VWHPZRUNLQJDWURRP
WHPSHUDWXUH
$OO WKH VDPSOHV ZHUH PHDVXUHG XQGHU WKH VDPH FRQGLWLRQV
2'H[FLWDWLRQZDYHOHQJWK LQDTXHRXVVROXWLRQXVLQJFPîFPSDWKOHQJWK
TXDUW]FXYHWWHVDW.LQSXUHZDWHU$GMXVWPHQWVWRWKHGHVLUHG
S+ YDOXH ZHUH GRQH XVLQJ GURSV RI +&O RU 1D2+ VROXWLRQV 7KH
IOXRUHVFHQFHHPLVVLRQZHUHFRUUHFWHGWDNLQJLQWRDFFRXQWWKHDEVRUEDQFH
DWWKHH[FLWDWLRQZDYHOHQJWKDQGWKHPLQLPXPGLOXWLRQRULJLQDWHGE\WKH
DGMXVWPHQWRIWKHS+
7DEOH([FLWDWLRQDQGHPLVVLRQZDYHOHQJWKVRIIOXRURSKRUHVXVHGLQWKHWKHVLV
6LJQDOOLQJXQLW OHF[QP OHPLVQP
$QWKUDFHQH  
3\UHQH  

7LPHUHVROYHGPHDVXUHPHQWV
0HDVXUHPHQWV ZHUH PDGH ZLWK D 7LPH 0DVWHU IOXRUHVFHQFH OLIHWLPH
VSHFWURPHWHU 70 IURP 37, 6DPSOH H[FLWDWLRQZDV DIIRUGHG E\
37,¶V RZQ */ QLWURJHQ ODVHU 7KH NLQHWLF WUDFHV ZHUH ILWWHG E\
PRQRH[SRQHQWLDO GHFD\ IXQFWLRQV DQG UHFRQYROXWLRQ RI WKH LQVWUXPHQW
UHVSRQVH7KHDFFXUDF\RIWKHILWVZDVHYDOXDWHGE\WKHUHGXFHGȤYDOXHV
DVFORVHWRDVSRVVLEOH
Capítulo 4. 


/DVHUIODVKSKRWRO\VLV
([SHULPHQWVZHUHFDUULHGRXWE\XVLQJWKHWKLUGKDUPRQLFQPRID
4VZLWFKHG1G<$*ODVHU

4XDQWXP\LHOG
0HDVXUHPHQWVZHUHGHWHUPLQHGLQGHDHUDWHGPHGLXPXVLQJWKHTXDQWXP
\LHOG PHDVXUHPHQW V\VWHP IURP +DPDPDWVX PRGHO & E\ GLUHFW
PHWKRG7KHV\VWHPLVPDGHXSRIDQH[FLWDWLRQOLJKWVRXUFHFRQVLVWLQJ
RID[HQRQODPSOLQNHGWRDPRQRFKURPDWRUDQLQWHJUDWLRQVSKHUHDQGD
PXOWLFKDQQHOVSHFWURPHWHU$OVRWKHIOXRUHVFHQFHTXDQWXP\LHOGKDVEHHQ
PHDVXUHGE\WKHFRPSDUDWLYHPHWKRGXVLQJS\UHQHLQ(W2+VROXWLRQDVD
UHIHUHQFHREWDLQLQJVLPLODUUHVXOWVLQERWKFDVHV

'HWHFWLRQOLPLW
7KHGHWHFWLRQOLPLW'/FDQEHGHILQHGDVWKHORZHVWTXDQWLW\RID
VXEVWDQFHWKDWFDQEHGLVWLQJXLVKHGIURPWKHDEVHQFHRIWKDWVXEVWDQFHD
EODQNYDOXHDQGJHQHUDOO\LVFDOFXODWHGDVWLPHVWKHVWDQGDUGGHYLDWLRQ
RI WKH EODQN 7KLV YDOXH GHSHQGV RQ WKH LQVWUXPHQWDWLRQ DQG RQ WKH
VHQVLWLYLW\RIWKHOLJDQG
5HJDUGLQJZLWKWKHVHQVLWLYLW\RIWKHHTXLSPHQWWKHGHWHFWLRQOLPLW
LVUHODWHGWRWKHFDSDELOLW\RIWKHLQVWUXPHQWWRGLVWLQJXLVKDSHDNLQWHQVLW\
IURPWKHIOXFWXDWLRQVRIWKHEDFNJURXQGQRLVH7KHVLJQDOWRQRLVH615
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UDWLR JLYHV \RX D TXDQWLWDWLYH LQGLFDWLRQ RI WKH VHQVLWLYLW\ RI WKH
PHDVXUHPHQWVDQGLWFDQEHFDOFXODWHGIURPWKHUDPDQVSHFWUXPRIZDWHU
PHDVXUHGLQWKHIROORZLQJH[SHULPHQWDOFRQGLWLRQVLQRXUFDVH
(PLVVLRQ6SHFWUD
6WDUW QP
6WRS QP
([FLWDWLRQ QP
6WHS6L]H QP
,QWHJUDWLRQ VHFRQG

7KH VHQVLWLYLW\ RI WKH OLJDQG FDQ EH XQGHUVWDQG DV WKH VORSH
REWDLQHGE\WKHILWWLQJRIWKHPD[LPXPH[SHULPHQWDOHPLVVLRQLQWHQVLWLHV
RIIOXRUHVFHQFHversusWKHVXEVWUDWH¶VFRQFHQWUDWLRQDGGHGWRWKHVROXWLRQ
8VLQJ WKHVH WZR SDUDPHWHUV WKH GHWHFWLRQ OLPLW FDQ WKHQ EH
FDOFXODWHGDVIROORZ
ܦܮ ൌ ͵ כ ܴܵܰݏ݈݋݌݁

8OWUDYLROHWYLVLEOHPHDVXUHPHQWV
6SHFWUDRIWKHVDPSOHVFRQWDLQLQJWKHOLJDQGDQGWKHFRPSOH[HVLQ
FRQFHQWUDWLRQ[0ZHUHUHFRUGHGLQDQ$JLOHQWVSHFWURPHWHU
89íYLV
$OOWLWUDWLRQVSHUIRUPHGLQFKDSWHUZHUHFDUULHGRXWDW&LQSXUH
ZDWHU %URPRFUHVRO JUHHQ [0ZDV SUHSDUHG LQ D+$F1D$F
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EXIIHU  0 7KHVH FRQGLWLRQV ZHUH XVHG IRU WKH WLWUDWLRQV RI DOO
V\VWHPV DQG DOVR IRU WKH LQGLFDWRU GLVSODFHPHQW DVVD\V ,'$ ZLWK WKH
DQLRQV7KHVROXWLRQZDVEXIIHUHGDWS+ZLWKD+$F1D$FEXIIHU7KLV
S+YDOXHZDVFKRVHQ WRNHHS WKH VROXWLRQFORVH WR WKHEHJLQQLQJRI WKH
FRORXUFKDQJHWUDQVLWLRQIURPWKHDFLGLFSKHQROLFWRWKHEDVLFSKHQRODWH
IRUPRI%*7KHFRQVWDQF\RIWKHS+WKURXJKRXWWKHWLWUDWLRQVZDVFKHFNHG
IRUDOOWKHH[SHULPHQWV

0HDVXUHPHQWRIqYDOXH
/LIHWLPHV RI (X,,, DQG 7E,,, FRPSOH[HV ZHUH PHDVXUHG E\
H[FLWDWLRQQPRIWKHVDPSOHXVLQJDVKRUWSXOVHRIOLJKWIROORZHGE\
PRQLWRULQJWKHLQWHJUDWHGLQWHQVLW\RIOLJKWQPIRU(X,,,QPIRU
7E,,,HPLWWHGGXULQJDIL[HGJDWHWLPHWJDIWHUDGHOD\WLPHWG$JDWH
WLPHRIPVZDVXVHGDQGWKHH[FLWDWLRQDQGHPLVVLRQVOLWVZHUHVHWWR
QPDQGQPEDQGSDVV UHVSHFWLYHO\$OO WKHVDPSOHVZHUHYDFXXP
GULHGEHIRUHGLVVROYHGLQ+2DQG'2WRHQVXUHQR+2ZDVWUDSSHGLQ
FRPSOH[HV

7KH REWDLQHG H[SRQHQWLDO GHFD\ FXUYHV ZHUH ILWWHG ZLWK WKH
IROORZLQJHTXDWLRQ
, $$HNW 
ZKHUHI LVWKHLQWHQVLW\DWWLPHt DIWHUWKHIODVK
A0 LVWKHLQWHQVLW\DIWHUWKHGHFD\KDVILQLVKHG
A1 LVWKHSUHH[SRQHQWLDOIDFWRU
k LVWKHUDWHFRQVWDQWIRUWKHGHFD\RIWKHH[FLWHGVWDWH
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7KHH[FLWHGVWDWHOLIHWLPHĲLVWKHLQYHUVHRIWKHUDWHFRQVWDQWk
7KHQXPEHURIILUVWVSKHUHFRRUGLQDWHGZDWHUPROHFXOHVqYDOXHRI
(X,,, FRPSOH[ DQG 7E,,, FRPSOH[ ZDV FDOFXODWHG EDVHG RQ WKHLU
OXPLQHVFHQFHOLIHWLPHLQ+2DQG'2IURPWKHIROORZLQJWZRHTXDWLRQV
ݍா௨ሺூூூሻ ൌ ଵଶ ሾ൬
ଵ
ఛಹమೀ
െ ଵఛವమೀ൰ െ ͲǤʹͷሿ     
ݍ்௕ሺூூூሻ ൌ ͷሾ൬ ଵఛಹమೀ െ
ଵ
ఛವమೀ
൰ െ ͲǤͲ͸ሿ    
ZKHUHĲ+2LVWKHOXPLQHVFHQFHOLIHWLPHLQ+2LQPLOOLVHFRQGV
Ĳ'2LVWKHOXPLQHVFHQFHOLIHWLPHLQ'2LQPLOOLVHFRQG

0DJQHWLFUHVRQDQFHLPDJLQJ
7KH PHDVXUHPHQWV ZHUH SHUIRUPHG RQ D ZKROH ERG\  7 *(
([FLWH05VFDQQHU0+]º&,QYHUVLRQ±UHFRYHU\VSLQHFKRSXOVH
VHTXHQFHV 7( PV75 PV7, ±PVZHUH XVHG IRUT1
PHDVXUHPHQWV7KHYDOXHVRIT1ZHUHSORWWHGDJDLQVWVHYHUDOJDGROLQLXP
FRQFHQWUDWLRQVREWDLQHGE\,&306PHDVXUHPHQWV
1XFOHDUPDJQHWLFUHOD[DWLRQGLVSHUVLRQ
7KHVHH[SHULPHQWVZHUHPHDVXUHGE\WKHeYD7yWK¶VJURXSLQWKH
&HQWUHGH%LRSK\VLTXH0ROpFXODLUH&156LQ)UDQFH
T 3URILOHV RI WKH*G,,, FRPSOH[HVZHUH UHFRUGHG RQ D 6WHODU
60$5WUDFHU))&IDVWILHOGF\FOLQJUHOD[RPHWHUFRYHULQJPDJQHWLFILHOGV
IURP [ 7 WR  7 ZKLFK FRUUHVSRQG WR D SURWRQ /DUPRU
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IUHTXHQF\ UDQJH RI ± 0+] 7KH UHOD[LYLW\ DW KLJKHU ILHOGV ZDV
UHFRUGHGXVLQJD%UXNHU:3DGDSWHGWRYDULDEOHILHOGPHDVXUHPHQWVDQG
FRQWUROOHG E\ WKH 60$5WUDFHU 3&105 FRQVROH 7KH WHPSHUDWXUHZDV
FRQWUROOHGE\D97&WHPSHUDWXUHFRQWUROXQLWDQGIL[HGE\DJDVIORZ
7KHWHPSHUDWXUHZDVGHWHUPLQHGDFFRUGLQJWRSUHYLRXVFDOLEUDWLRQZLWKD
3WUHVLVWDQFHWHPSHUDWXUHSUREH
105'SURILOHVZHUHUHFRUGHGLQVROXWLRQVFRQWDLQLQJZZ
[DQWKDQ JXP P0*G,,, S+  LQ 0+(3(6 EXIIHU )RU
*G'73$±ERHKPLWHZHDOVRPHDVXUHGUHOD[LYLWLHVLQDTXHRXVVXVSHQVLRQ
RI WKH QDQRSDUWLFOHV aP0*G,,, S+  )ROORZLQJ VRQLFDWLRQ WKLV
DTXHRXVVXVSHQVLRQUHPDLQVVWDEOHIRUaPLQZKHQVHGLPHQWDWLRQVWDUWV
WRDSSHDU7KHVROXWLRQVFRQWDLQLQJWKH[DQWKDQJXPDUHVWDEOHDQGJLYH
UHSURGXFLEOHUHOD[LYLWLHVIRUDQH[WHQGHGSHULRGRIWLPH

9DULDEOHWHPSHUDWXUH2105WUDQVYHUVHTUHOD[DWLRQWLPH
7KHVHH[SHULPHQWVZHUHPHDVXUHGE\WKHeYD7yWK¶VJURXSLQWKH
&HQWUHGH%LRSK\VLTXH0ROpFXODLUH&156LQ)UDQFH
7KH PHDVXUHPHQWV ZHUH FDUULHG RXW RQ D %UXNHU $YDQFH 
VSHFWURPHWHU LQ DTXHRXV VROXWLRQVRI WKH*G,,, FRPSOH[HV7KH\ZHUH
UHIHUHQFHG WR D VROXWLRQ FRQWDLQLQJ WKH VDPH QDQRSDUWLFOH DW LGHQWLFDO
FRQFHQWUDWLRQ DQG S+ ZKHUH WKH *G,,, LRQV ZHUH UHSODFHG E\ WKH
GLDPDJQHWLF<,,,7UDQVYHUVH2UHOD[DWLRQWLPHVTZHUHREWDLQHGE\
WKH &DUU±3XUFHOO±0HLERRP±*LOO VSLQHFKR WHFKQLTXH 7R LPSURYH
VHQVLWLYLW\LQ21052HQULFKHGZDWHU+2&RUWHFQHWZDV
DGGHGWRWKHVROXWLRQVWR\LHOGDURXQG2HQULFKPHQW7KHWHPSHUDWXUH
ZDVFDOFXODWHGDFFRUGLQJWRSUHYLRXVFDOLEUDWLRQZLWKHWK\OHQHJO\FRODQG
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PHWKDQRO 7KH FRQFHQWUDWLRQ RI WKH VDPSOHV ZDV aP0 LQ *G,,,
S+ 

/DVHUFRQIRFDOPLFURVFRS\
7KHVHH[SHULPHQWVZHUHPHDVXUHGE\WKHeYD7yWK¶VJURXSLQWKH
&HQWUHGH%LRSK\VLTXH0ROpFXODLUH&156LQ)UDQFH
+XPDQ+H/DFHOOVZHUHVHHGHGRQJODVVFRYHUVOLSVDQGJURZQLQ
'0(0 6LJPD&KHPLFDO &R 6W /RXLV02 VXSSOHPHQWHGZLWK 
IHWDOERYLQHVHUXP/LQXV6SDLQJ/JOXFRVH/JOXWDPLQH8P/
SHQLFLOOLQVWUHSWRP\FLQ DQG  P0 +HSHV %LRZKLWDNHU :DONHUVYLOOH
0' :KHQ UHDFKHG FRQIOXHQFH PRQROD\HUV ZHUH LQFXEDWHG ZLWK D
VXVSHQVLRQRIIUHVKPHGLXPFRQWDLQLQJȝ0RIHXURSLXPRUWHUELXP
SDUWLFOHVIRUKRXUV7KHQFRYHUVOLSVZHUHH[WHQVLYHO\ZDVKHGDQGIL[HG
ZLWK  SDUDIRUPDOGHK\GH LQ 3%6 ,PPXQRIOXRUHVFHQFH VWDLQLQJ ZDV
SHUIRUPHG DV SUHYLRXVO\ GHVFULEHG$QWL&' +3 D FHOOVXUIDFH
JO\FRSURWHLQ LQYROYHG LQ FHOOFHOO LQWHUDFWLRQV FHOO DGKHVLRQ DQG
PLJUDWLRQ JHQHUDWHG LQ RXU ODERUDWRU\ DW &1,& ZDV XVHG DV SULPDU\
DQWLERG\ *RDW DQWLPRXVH $OH[D  0ROHFXODU 3UREHV ,QYLWURJHQ
&DUOVEDG&$ZDVHPSOR\HGDVVHFRQGDU\DQWLERG\1H[WVDPSOHVZHUH
PRXQWHGXVLQJ3URORQJ0ROHFXODU3UREHV6HULHVRIRSWLFDOVHFWLRQVZHUH
REWDLQHG ZLWK D /HLFD 7&663 FRQIRFDO ODVHU VFDQQLQJ XQLW /HLFD
0LFURV\VWHPV+HLGHOEHUJ*HUPDQ\XVLQJD[RLOLPPHUVLRQREMHFWLYH
1$DQPGLRGHIRUWKHQDQRSDUWLFOHVH[FLWDWLRQDQGDQP
ODVHUOLQHIRU$OH[DYLVXDOL]DWLRQ,PDJHVZHUHDQDO\]HGXVLQJ/HLFD
&RQIRFDO6RIWZDUH

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)ORZF\WRPHWU\DQDO\VLV
7KHVHH[SHULPHQWVZHUHPHDVXUHGE\WKHeYD7yWK¶VJURXSLQWKH
&HQWUHGH%LRSK\VLTXH0ROpFXODLUH&156LQ)UDQFH
+XPDQ+H/DFHOOVZHUHFXOWXUHGDQGLQFXEDWHGZLWKODQWKDQLGHV
DV GHVFULEHG DERYH 7KHQ FHOOV ZHUH WU\SVLQL]HG DQG ZDVKHG LQ 3%6
IROORZHGE\LQFXEDWLRQZLWKDQQH[LQ9$OH[D0ROHFXODU3UREHVIRU
PLQDWURRPWHPSHUDWXUH)LQDOO\SURSLGLXPLRGLGHZDVDGGHGWRDILQDO
FRQFHQWUDWLRQRIDQGVDPSOHVZHUHDQDO\]HGLQDIORZF\WRPHWHU
)$&6&DQWR70 ,, %' %LRVFLHQFLHV &HOOV ZHUH VXEGLYLGHG LQ 
FDWHJRULHV QHJDWLYH IRU ERWK VWDLQLQJV YLDEOH SRVLWLYH IRU SURSLGLXP
LRGLGHHDUO\DSRSWRWLFGRXEOHSRVLWLYHLQWHUPHGLDWHDSRSWRWLFDQGRQO\
SRVLWLYHIRUDQQH[LQ9QHFURWLF

5HIHUHQFHV
>@$.&RYLQJWRQ03DDER5$5RELQVRQ5*%DWHV$QDO\WLFDO
&KHPLVWU\
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1RWH7KLVFKDSWHUKDV LQWHQWLRQDOO\EHHQZULWWHQ LQ(QJOLVK LQ
RUGHUWRREWDLQWKHHXURSHDQGRFWRUDOGHJUHH
1RWD(VWHFDStWXORKDVLGRHVFULWRHQ LQJOpVSDUD ODREWHQFLyQGHO
GRFWRUDGRHXURSHR 

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6\QWKHVLVRIQDQRSDUWLFOHV
6ROJHOSURFHGXUH
,QRUGHUWRREWDLQWKHQDQRSDUWLFOHVXVHGLQWKLVWKHVLVZLWKDKLJK
GHJUHHRISXULW\DVROJHOURXWHZDVFKRVHQ)XUWKHUPRUHWKLVSURFHGXUH
DOORZHGWRFRQWUROWKHK\GURO\WLFVWHSVSUHVHQWLQWKHPHFKDQLVP

)LJXUH7\SLFDOVROJHOSURFHVVE\K\GURO\VLVRIDPHWDOOLFDOFR[LGH
,QD W\SLFDO VROJHOSURWRFRO ILJXUH WKHSURFHVVVWDUWVZLWKD
VROXWLRQ FRQVLVWLQJ RI PHWDO FRPSRXQGV VXFK DV D PHWDO DOFR[LGH
DFHW\ODFHWRQDWH FDUER[\ODWH RU D VROXEOH LQRUJDQLF VDOW DV WKH VRXUFH RI
FDWLRQV$GGLWLRQDOUHDFWDQWVFDQLQFOXGHZDWHUDVWKHK\GURO\WLFDJHQWDQ
DOFRKRO DV WKH VROYHQW DQG DQ DFLG RU D EDVH DV WKH FDWDO\VW 0HWDO
FRPSRXQGVXQGHUJRK\GURO\VLVDQGSRO\FRQGHQVDWLRQJLYLQJULVHWRDVRO
LQ ZKLFK SRO\PHUV RU FROORLGDO SDUWLFOHV DUH GLVSHUVHG ZLWKRXW
SUHFLSLWDWLRQ)XUWKHUUHDFWLRQFRQQHFWVWKHILQHSDUWLFOHVVROLGLI\LQJWKH
VRO LQWR DZHW JHOZKLFK VWLOO FRQWDLQVZDWHU DQG VROYHQWV5HPRYDO RI
VROYHQWVDQGZDWHUSURGXFHVDGU\JHO'HSHQGLQJRQWKHFKDUDFWHULVWLFVRI
WKH ILQDO SURGXFWZH DUH ORRNLQJ IRU LW FDQ EH QHFHVVDU\ WR DSSO\ KLJK
Synthesis and characterization. 

WHPSHUDWXUHVWRWKHJHO%\GRLQJVRRUJDQLFFRQVWLWXHQWVDQGUHVLGXHVDUH
UHPRYHGJLYLQJULVHWRPLFURVWUXFWXUHVRILQRUJDQLFLQRUJDQLFFRPSRVLWHV

6\QWKHVLVRIERHKPLWHQDQRSDUWLFOHV
&ROORLGDO GLVSHUVLRQV RI ERHKPLWH SDUWLFOHV ZLWK D QDUURZ VL]H
GLVWULEXWLRQKDYHPDQ\DSSOLFDWLRQVLQDGVRUEHQWVFDWDO\VWVDQGDOXPLQD
SRZGHU SURGXFWLRQ SROOXWLRQ FRQWURO PLFURHOHFWURQLFV DQG VHSDUDWLRQ
WHFKQRORJ\7KHSRWHQWLDODSSOLFDWLRQRIERHKPLWHVROVLVLQSURGXFWLRQRI
PDWHULDOVZLWKHQKDQFHGSK\VLFDOSURSHUWLHVZKLFKFRXOGEHSURGXFHGDV
EXON DUWLFOHV RU FRDWLQJV XVLQJ SURSHU WHFKQLTXHV HJ GHHS FRDWLQJ
HOHFWURSKRUHWLFGHSRVLWLRQHWF

([SHULPHQWDOSURFHGXUH
%RHKPLWHV\QWKHVLVZDVDFKLHYHG LQD WZRVWHSSURFHGXUH ,Q WKH
ILUVWVWHSGHLRQL]HGZDWHUP/LVKHDWHGDW&LQDURXQGERWWRP
IODVN7KHQDOXPLQLXPVEXWR[LGHJZDVDGGHGUHVXOWLQJLQD
ZDWHUDOXPLQLXPVEXWR[LGHPRODUUDWLR7KHDGGLWLRQPXVWEHGRQHYHU\
TXLFNO\ LQ RUGHU WR DYRLG WKH IRUPDWLRQ RI$O2+$IWHU WKH DONR[LGH
DGGLWLRQDQH[RWKHUPLFUHDFWLRQWRRNSODFHDQGDJHOZDVIRUPHGDOPRVW
LPPHGLDWHO\ 7KH PL[WXUH ZDV VWLUUHG YLJRURXVO\ IRU  K DQG WKH
WHPSHUDWXUH ZDV LQFUHDVHG XQWLO  & 7KH VHFRQG VWHS D SHSWL]DWLRQ
SURFHVV ZDV FDUULHG RXW DGGLQJ QLWULF DFLG  P/ LQ D 
+12DOFR[LGHPRODUUDWLRDQGWKHVROXWLRQZDVNHSWDW&IRUGD\V
)LQDOO\WKHVROYHQWZDVHYDSRUDWHGDQGWKHVROLGZDVGULHGLQDQRYHQDW
&IRUK
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&KDUDFWHUL]DWLRQ
7KH FRPSRVLWLRQ WKH VL]H WKH VKDSH DQG WKH KRPRJHQHLW\ RI WKH
ILQDOQDQRSDUWLFOHVREWDLQHGZHUHFKDUDFWHUL]HGE\GLIIHUHQWWHFKQLTXHV
x Powder X-ray diffraction.7KHPDWHULDO SUHVHQWVSHDNV DW 
     DQG  YDOXHV RI T ZKLFK DUH
FKDUDFWHULVWLF RI WKH ERHKPLWH VWUXFWXUH 7KH SHDNV SUHVHQW LQ WKH
GLIIUDFWRJUDPILJXUHDUHEURDGGXHWRWKHVPDOOVL]HRIWKHSDUWLFOHV

)LJXUH3RZGHU;UD\GLIIUDFWLRQVSHFWUDRIERHKPLWHQDQRSDUWLFOHVFURVV
V\PEROVLQGLFDWHWKHFKDUDFWHULVWLFSHDNVRIJ$O22+
x Infrared spectra. 7KH VDPSOHV SUHVHQW D SHDN DW  FP WKDW
FRUUHVSRQGV ZLWK WKH K\GUDWLRQ ZDWHU RI WKH VDPSOH ILJXUH  $W
FP DQG FP DSSHDU WKH VWUHWFKLQJYLEUDWLRQV RI WKH$O2+
ERQGV7KHVHSHDNVDUHW\SLFDOO\RYHUODSSHGZLWKWKHSUHVHQFHRIZDWHULQ
WKHVDPSOH)RUWKHFKDUDFWHUL]DWLRQRIWKH$O2+ERQGVDEDQGSUHVHQWLQ
FP DQG FP UDQJH LV QHFHVVDU\ WKDW FRUUHVSRQGV WR WKH
Synthesis and characterization. 

EHQGLQJ YLEUDWLRQ DQG D VPDOO VKRXOGHU DW  FP RULJLQDWHG E\
RFWDKHGUDOFRRUGLQDWHG$O LRQV)LQDOO\ LW LVSRVVLEOH WRREVHUYHDEDQG
VLWXDWHG DURXQG  FP DWWULEXWDEOH WR GH 12 JURXS 7KLV EDQG LV
RULJLQDWHGE\WKHQLWULFDFLGXVHGLQWKHSHSWL]DWLRQSURFHVV

)LJXUH,QIUDUHGVSHFWUDRIJ$O22+
x Transmission electron microscopy. 7KH H[SHULPHQWDO SURFHGXUH
IROORZHGLQWKLVWKHVLVKDVDOORZHGWRREWDLQQDQRSDUWLFOHVZLWKDQDYHUDJH
VL]H RI  QP ILJXUH  D KLJK GHJUHH RI KRPRJHQHLW\ DQG
IXUWKHUPRUHZLWKRXWDJJUHJDWHV



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
)LJXUH7(0LPDJHVRIWKHERHKPLWHQDQRSDUWLFOHVEDU QPLQWKH
ILJXUHDERYHDQGQPDWWKHERWWRP
x Thermal analysis. 7KH UHSUHVHQWDWLYH EHKDYLRXU RI WKH WKHUPDO
GHFRPSRVLWLRQ RI ERHKPLWH QDQRSDUWLFOHV LV GHSLFWHG LQ ILJXUH  7KH
GHK\GUDWLRQDSSHDUVWRRFFXULQWKUHHPDLQVWHSV7KHILUVWRQHWKDWILQLVKHV
DW&FRUUHVSRQGV WR WKHGHK\GUDWLRQUHDFWLRQRISK\VLVRUEHGZDWHU
PROHFXOHVDQGFRUUHVSRQGVWRDZHLJKWORVVRIDERXW7KHVHFRQGVWHS
JLYHVDEURDGXQV\PPHWULFDOHQGRWKHUPLFSHDNHQGVEHIRUH&DQG
UHSUHVHQWV WKHPDMRU SDUW RI WKHPDVV ORVV DERXW  7KLV VWHS LV
DVVRFLDWHG ZLWK WKH GHK\GUDWLRQ DQG ERHKPLWH WUDQVIRUPDWLRQ LQWR J
DOXPLQD)LQDOO\LWLVSRVVLEOHWRREVHUYHDODVWVWHSWKDWGRHVQRWJLYHD
WKHUPDO HYHQW EXW DSSHDUV DV D FRQWLQXRXVPDVV ORVV RI DERXW  DQG
Synthesis and characterization. 

VHHPVWRVWRSDWDERXW&7KLVPDVVORVVLVDVVLJQHGWRWKHFRQWLQXRXV
GHK\GUR[\ODWLRQRIWKHVXUIDFHRIWKHWUDQVLWLRQDOXPLQD
7KHVKDSHRIWKHVHFXUYHVKDVEHHQIRXQGWREHFORVHO\UHODWHGWRWKH
FU\VWDOVL]HRIERHKPLWH7KHILUVWSHDNLVQRWREVHUYHGIRUFU\VWDOVODUJHU
WKDQQP7KHVHFRQGSHDNEHFRPHVVKDUSHUDVWKHFU\VWDOVL]HLQFUHDVHV
DQGLVVKLIWHGWRZDUGVKLJKHUWHPSHUDWXUHVE,QVRPHSDSHUVWRH[SODLQ
WKH DV\PPHWULFDO SURILOH RI WKH VHFRQG SHDN DQ DGGLWLRQDO VWHS LV
FRQVLGHUHG DWWULEXWHG WR WKH UHPRYDO RI FKHPLVRUEHG ZDWHU EHIRUH WKH
FRQYHUVLRQLQWRWUDQVLWLRQDOXPLQD

)LJXUH7*$'7$FXUYHRIDERHKPLWHQDQRSDUWLFOHVVDPSOH1IORZRI
/KKHDWLQJUDWH &K


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6\QWKHVLVRIERHKPLWHVLOLFDFRUHVKHOOQDQRSDUWLFOHV
0XOOLWHEDVHG PDWHULDOV KDYH UHFHLYHG PXFK DWWHQWLRQ LQ WKH ODVW
GHFDGHV,WLVDQHVVHQWLDOFRPSRQHQWLQWUDGLWLRQDOFHUDPLFPDWHULDOVVXFK
DVSRUFHODLQEXW LVDOVRDFUXFLDOFRPSRQHQW IRUFHUDPLFPDWHULDOVZLWK
VSHFLILFSURSHUWLHVDQGDSSOLFDWLRQV0XOOLWHLVWKHRQO\FU\VWDOOLQHSKDVH
ZLWKLQWKHELQDU\V\VWHP$O26L2DQGLVREWDLQHGE\WKHUPDOWUHDWPHQW
RIWKHPRQRIDVLFJHOVSUHFXUVRUVZKLFKDUHFRPSRVHGE\DERHKPLWHFRUH
VXUURXQGHGE\DVKHOOPDGHRIVLOLFD
,QRUGHUWRREWDLQWKHVHFRUHVKHOOQDQRSDUWLFOHVVROJHOWHFKQLTXHV
KDYHEHHQXVHG7KHUHDUHGLIIHUHQWV\QWKHWLFDSSURDFKHVWRDFKLHYHWKLV
JRDO7KHILUVWQDPHGDOODONR[LGHLVEDVHGRQWKHFRQWUROOHGK\GURO\VLV
RIDOXPLQLXPDQGVLOLFRQDONR[LGHV,QWKHVHFRQGQDPHGVHPLDONR[LGH
PHWKRGWKHDOXPLQLXPVRXUFHLVDVDOWXVXDOO\QLWUDWHQRQDK\GUDWH7KH
GLVDGYDQWDJHRIWKHDONR[LGHVLVWKHLUORZVROXELOLW\LQZDWHUDQGDOFRKROV
,Q DGGLWLRQ K\GURO\VLV RI WKH $O DONR[LGHV LV IDVWHU WKDQ
WHWUDHWK\ORUWKRVLOLFDWH 7(26 DQG LW LV GLIILFXOW WR FRQWURO JHODWLRQ DQG
SKDVH VHSDUDWLRQ RI ED\HULWH RU SVHXGRERHKPLWH JHO PD\ RFFXU
$OXPLQLXP DFHWDWH IRUPLDWH DQG VLPLODU FRPSRXQGV DOVR K\GURO\]H
TXLFNO\DQGWKH\FDQQRWEHGLVVROYHGFRPSOHWHO\LQZDWHURUDOFRKRODQG
JHO LQWR WZR VHSDUDWHG OD\HUV +RZHYHU ZLWK WKH VHPLDONR[LGHPHWKRG
LQH[SHQVLYHDOXPLQLXPVDOWVDUHXVHGDQGKLJKHUKRPRJHQHLW\LVUHDFKHG
DV HYLGHQFHG E\ WKH ORZHU WHPSHUDWXUH IRUPDWLRQ RI PXOOLWH DW DURXQG
&$PRQJ WKH LQRUJDQLF VDOWVZHKDYHVHOHFWHGDOXPLQLXPQLWUDWH
EHFDXVHKDVDJRRGVROXELOLW\ LQHWKDQRO$QRWKHU UHDVRQIRU WKLVFKRLFH
ZDVWKDWWKHPDMRUSDUWRI12FRQWHQWFDQHDVLO\HVFDSHGXULQJJHODWLRQ

Synthesis and characterization. 
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([SHULPHQWDOSURFHGXUH
7KH FRUHVKHOO QDQRSDUWLFOH SODWIRUP ZDV DFKLHYHG E\
FRQGHQVDWLRQRI7(26DQG$O12ā+2LQHWKDQROIROORZHGE\DJLQJ
IRURQHZHHN7KHVWDUWLQJDOXPLQLXPDQGVLOLFRQVRXUFHVZHUHDOXPLQLXP
QLWUDWH DQG 7(26 UHVSHFWLYHO\ 7KH JHO ZDV SUHSDUHG E\ GLVVROYLQJ
$O12ā+2JLQHWKDQROP/XQGHUUHIOX[LQJIRUKRXUV
$IWHUWKDWWKHUHTXLUHGDPRXQWRIWHWUDHWK\ORUWKRVLOLFDWHZDVVORZO\DGGHG
WRWKHSUHYLRXVDOXPLQLXPVROXWLRQ7KHILQDOPRODUUDWLR$O&+&+2+
ZDV7KHSURSHUDPRXQWRI+2IRUK\GURO\VLVDQGFRQGHQVDWLRQRI
WHWUDHWK\ORUWKRVLOLFDWHDQGDOXPLQLXPVDOWZDVDGGHGE\ZD\RIZDWHURI
K\GUDWLRQRI DOXPLQLXPQLWUDWH QRQDK\GUDWH7KH UHVXOWLQJ VROXWLRQZDV
UHIOX[HGDQGDJHGIRUZHHN7KHILQDOO\REWDLQHGJHOVZHUHGULHGDW&
IRU  K DQG DW  & IRU D IXUWKHU  K 7KH QDWXUH RI WKH SUHSDUHG
QDQRSDUWLFOHVZDVDVVHVVHGE\GLIIHUHQWWHFKQLTXHV

&KDUDFWHUL]DWLRQ
x Powder X-Ray diffraction. 7KH GLIIUDFWLRQ VSHFWUD LQGLFDWHV WKH
SUHVHQFHRIERHKPLWHDVDFU\VWDOOLQHSKDVHILJXUH7KH;UD\GLVSOD\V
SHDNVDWDURXQGDQGYDOXHVRITZKLFKFDQ
EH DWWULEXWHG WR D FU\VWDOOLQH SKDVHZLWK WKH VWUXFWXUH RI ERHKPLWH 7KH
VHFRQGFRPSRQHQWRIWKHVHV\QWKHVLVHGQDQRSDUWLFOHVLHVLOLFDZKLFKLV
DPRUSKRXV LV HYLGHQFHGE\ WKH DEVHQFH RI SHDNV FRUUHVSRQGLQJ WR DQ\
FU\VWDOOLQHIRUPRIVLOLFD
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
)LJXUH;UD\SRZGHUGLIIUDFWLRQSDWWHUQRIWKHERHKPLWHVLOLFDFRUHVKHOO
QDQRSDUWLFOHV

x 27Al Nuclear magnetic resonance. 7KHUHDUHWKUHHW\SHVRI
HQYLURQPHQWV WHWUD SHQWD DQG KH[DFRRUGLQDWH DOXPLQLXP VLWHV
ZKLFKSUHVHQWVLJQDOV LQWKHUDQJH±±DQGíWR
SSPUHVSHFWLYHO\7KHDSSHDUDQFHRIDVLJQDODWSSPVXJJHVWVWKDW
LQRXUQDQRSDUWLFOHVWKH$OLVSUHGRPLQDQWO\KH[DFRRUGLQDWHG6PDOO
SHDNVIURPWHWUDFRRUGLQDWHGDQGSHQWDFRRUGLQDWHGDOXPLQLXPDUHDOVR
SUHVHQWILJXUH

      
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T GHJUHHV
Synthesis and characterization. 


)LJXUH$O105RIFRUHVKHOOQDQRSDUWLFOHV
x 29Si Nuclear magnetic resonance. 7KH6L105VSHFWUXPVKRZV
DSHDNORFDWHGDWDURXQGSSPILJXUHWKDWFRUURERUDWHVWKHSUHVHQFH
RI6LDWRPVZLWKDWHWUDKHGUDOFRRUGLQDWLRQ

)LJXUH6L105RIFRUHVKHOOQDQRSDUWLFOHV



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x Infrared spectra.)LJXUHVKRZVWKH)7,5VSHFWUDRIERHKPLWH
GDVKHG DPRUSKRXV VLOLFD GRWWHG DQG QRQIXQFWLRQDOLVHG FRUHVKHOO
FU\VWDOOLQHERHKPLWHDPRUSKRXVVLOLFDQDQRSDUWLFOHV$OOWKHVSHFWUDZHUH
SXWWRJHWKHULQRUGHUWRFRPSDUHWKHSUHVHQFHRIWKHEDQGVFRUUHVSRQGLQJ
WR ERHKPLWH DQG VLOLFD PDWHULDOV LQ WKH ILQDO QDQRSDUWLFOHV $PRUSKRXV
VLOLFDLVRQO\JRLQJWREHGLVFXVVHGKHUHDVWKH,5VSHFWUXPRIERHKPLWH
ZDVGLVFXVVHGEHIRUHvide supra


)LJXUH,5VSHFWUDIRUERHKPLWHGDVKHGDPRUSKRXVVLOLFDGRWWHGDQGQRQ
IXQFWLRQDOLVHGFRUHVKHOOQDQRSDUWLFOHV
7KH,5EDQGDWFPLVGXHWRWKHVWUHWFKLQJYLEUDWLRQRI+2
PROHFXOHV&RUUHVSRQGLQJO\WKH,5EDQGDWFPLVGXHWRWKHEHQGLQJ
YLEUDWLRQ RI +2 PROHFXOHV 7KH YHU\ VWURQJ DQG EURDG ,5 EDQG DW
FPZLWKDVKRXOGHUDWDURXQGFPLVXVXDOO\DVVLJQHGWRWKH
6L26LDV\PPHWULFVWUHWFKLQJYLEUDWLRQV7KH,5EDQGDWFPFDQEH
DVVLJQHG WR VLODQROJURXSV7KH ,5EDQGDWFP FDQEHDVVLJQHG WR








,
DX

O FP
Synthesis and characterization. 

6L26LV\PPHWULFVWUHWFKLQJYLEUDWLRQVZKHUHDVWKH,5EDQGDWFP
LVGXHWR26L2EHQGLQJYLEUDWLRQV
$V LW FDQ EH VHHQ LQ ILJXUH  WKH VSHFWUD RI WKH FRUHVKHOO
QDQRSDUWLFOHV GLVSOD\ EURDG EDQGV DW ORZ ZDYHQXPEHUV LQGLFDWLQJ D
GLVRUGHUHGGLVWULEXWLRQRIDOXPLQLXPDQGVLOLFRQWHWUDKHGUDOVLWHV7KHEDQG
DW  FPí KDV EHHQ DVVLJQHG WR WHWUDKHGUDO$O±2±6L
EDQGV 7KLV DVVLJQPHQW KDV EHLQJ PDGH WDNLQJ LQWR DFFRXQW WKDW WKH
LQWURGXFWLRQRI6L±2±$OERQGVLQD6L2PDWUL[VKLIWHGWKHDEVRUSWLRQEDQG
RI6L±2WRZDUGORZHUZDYHQXPEHUV

x Transmission electron microscopy. ,Q WKH ILJXUHDUH VKRZQ
VRPH7(0SLFWXUHV RI WKH FRUHVKHOO QDQRSDUWLFOHV7KH DYHUDJH VL]H LV
DURXQGQPZLWKKLJKKRPRJHQHLW\LQVL]HDQGVKDSH8QIRUWXQDWHO\LW
LVGLIILFXOWWRHYLGHQFHWKHWKLQOD\HURIVLOLFDE\7(0H[DPLQDWLRQ
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
)LJXUH7(0LPDJHVRIWKHV\QWKHVL]HGERHKPLWHVLOLFDQDQRSDUWLFOHV
EDU QP



 
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6\QWKHVLVRILQRUJDQLFRUJDQLFV\VWHPV
*HQHUDOSURFHGXUHIRUQDQRSDUWLFOHVVXUIDFHIXQFWLRQDOL]DWLRQ
7KHDQFKRULQJRI WKHRUJDQLFPROHFXOHV WR WKH VXUIDFHKDVEHHQ
DFKLHYHG E\ GLUHFW FRQGHQVDWLRQ RI WKH 2+ JURXSV ORFDWHG DURXQG WKH
VXUIDFHRIWKHSDUWLFOHVDQGWKHK\GURO\VDEOHDON\OJURXSVERQGHGWRWKH
VLOLFRQDWRPDWWDFKHGWRWKHRUJDQLFPROHFXOHVILJXUH

)LJXUH6FKHPDWLFH[SHULPHQWDOSURFHGXUHIRUWKHIXQFWLRQDOL]DWLRQ
RIWKHQDQRSDUWLFOHVVXUIDFH
7KH FRQWUROOHG K\GURO\VLV RI WKH SUHFXUVRUV DQG WKH ODWHU
FRQGHQVDWLRQ ZLWK WKH 2+ JURXSV ORFDWHG RQ WKH VXUIDFH RI WKH
QDQRSDUWLFOHV JDYH WKH K\EULG PDWHULDOV ([WHQVLYH ZDVKLQJ RI WKH
PDWHULDOVZDVVXFFHVVLYHO\SHUIRUPHGZLWKGLFKORURPHWKDQHHWKDQRODQG
PL[WXUHVRIHWKDQROZDWHU




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6\QWKHVLVRIDQWKUDFHQHFRUHVKHOOK\EULGV\VWHPV
7KHV\QWKHWLFDSSURDFKXVHGWRDQFKRUWKHRUJDQLFPROHFXOHVWRWKH
VXUIDFHRIWKHQDQRSDUWLFOHVFRQVLVWVRIDWZRVWHSSURFHGXUH,QWKHILUVW
VWHS DQWKUDFHQHFDUER[DOGHK\GH LV UHDFWHG ZLWK WKH FRUUHVSRQGLQJ
SUHFXUVRUWULVDONR[\SRO\DPLQRVLODQHWR\LHOGWKH6FKLIIEDVHVZKLFKDUH
FKDUDFWHUL]HG E\ D GRZQILHOG VKLIWHG + 105 VLJQDO DW ca  SSP
DWWULEXWDEOHWRWKHLPLQHW\SHSURWRQ7KHLPLQHVDUHUHGXFHGZLWKVRGLXP
ERURK\GULGH WR JLYH WKH FRUUHVSRQGLQJ IXQFWLRQDOLVHG IOXRURSKRULF
SUHFXUVRUV
01$
7KLVV\VWHPZDVSUHSDUHGE\UHDFWLRQ
RI [ PROHV RI DQWKUDFHQH
FDUER[DOGHK\GHDQG[PROHVRI
DPLQRSURS\OWULHWKR[\VLODQHLQFPRIGU\HWKDQRO$IWHURQHDQGD
KDOIKRXUVWKH\LHOGHGLPLQHZDVUHGXFHGE\DGGLWLRQRIPJRI1D+%
XQGHUDUJRQ
)LQDOO\ WKH K\EULG LQRUJDQLF±RUJDQLF V\VWHP ZDV SUHSDUHG E\
DGGLQJ  J RI ERHKPLWHVLOLFD FRUH±VKHOO QDQRSDUWLFOHV WR DQ HWKDQROLF
VROXWLRQ RI WKH IXQFWLRQDOLVHG DQWKUDFHQHDPLQH FRPSRXQG NHHSLQJ WKH
VDPSOHV XQGHU VWLUULQJ IRU  K 7KH IXQFWLRQDOLVHG QDQRSDUWLFOHV ZHUH
FROOHFWHGE\FHQWULIXJDWLRQDQGWKHSURGXFWZDVVXFFHVVLYHO\ZDVKHGZLWK
&+&O(W2+DQGDQ(W2+±+2PL[WXUH
(OHPHQWDODQDO\VLV&1
)XQFWLRQDOLVDWLRQ\LHOG[PROHVRIDWWDFKHGSRO\DPLQHVSHUJUDP
RIPDWHULDO
Synthesis and characterization. 

01$
)ROORZLQJ WKH VDPH
V\QWKHWLF SURFHGXUH WKH
PRGLILHG IOXRUHVFHQW
VHQVRU 01$ ZDV SUHSDUHG ZLWK 1¶>WULPHWKR[\VLO\OSURS\O@
GLHWK\OHQHWULDPLQHDWULDPLQHFRPSOH[LQJXQLW
(OHPHQWDODQDO\VLV&1+
)XQFWLRQDOLVDWLRQ\LHOG[PROHVRIDWWDFKHGSRO\DPLQHVSHUJUDP
RIPDWHULDO

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




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
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6\QWKHVLVRIFRQWUDVWDJHQWVK\EULGV\VWHPV
7ULVWHUWEXWR[\FDUERQ\OPHWK\OWHWUDD]DF\FORGRGHFDQH
 J  PPRO RI 
7HWUDD]DF\FORGRGHFDQRF\FOHQDQGJRI
1D+&2PPROZHUHVWLUUHGLQP/
RI GU\ &+&1 DW R& 7KHQ  P/
PPRORI WHUWEXW\OEURPRDFHWDWHZDV
DGGHGGURSZLVH7KHUHDFWLRQZDVOHIWWRUHDFW
IRUKRXUV3URWHFWHGF\FOHQZDVVHSDUDWHG
E\FROXPQFKURPDWRJUDSK\6L2&+&O0H2+
<LHOG
&+120:JPRO
+ 105  0+] &'&O G SSP  V +  V +
V+V+V+V+V+
&1050+]&'&OGSSP

mz &,0+





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N^>7ULVtertEXWR[\FDUERQ\OPHWK\O
WHWUDD]DF\FORGRGHFDQ\O@SURS\O`WULPHWKR[\VLODQH
 J  PPRO RI
SURWHFWHG F\FOHQ DQG  J
 PPRO RI .&2 ZHUH
VWLUUHGLQGU\&+&1XQGHUUHIOX[
ȝ/PPRO
RI LRGRSURS\OWULPHWKR[\VLODQH
ZHUHDGGHGDQGWKHPL[WXUHUHIOX[HGIRUKRXUV$IWHUKWKHVROXWLRQ
ZDVFRROHGDWURRPWHPSHUDWXUHDQGWKHVROYHQWYDFXXPUHPRYHG7KHRLO
REWDLQHGLVXVHGIRUWKHQH[WVWHSZLWKRXWIXUWKHUSXULILFDWLRQ

%'2$K\EULGV\VWHP
7KHRLOREWDLQHGIURPWKHSUHYLRXV
VWHSZDVGLVVROYHG LQ WROXHQH7R
WKLV VROXWLRQ ZDV DGGHG
PPRO RI ERHKPLWH DQG WKH
PL[WXUHUHIOX[HGIRUKRXUV7KH
VROLG ZDV VHSDUDWHG E\ FHQWULIXJDWLRQ DW  USP IRU  PLQXWHV DQG
ZDVKHGWLPHVZLWK(W2+1RXQUHDFWHGLRGRSURS\OWULPHWKR[\VLODQH
RUWKHK\GURO\]HGIRUPZDVIRXQGLQWKHQDQRSDUWLFOHVDVPHDVXUHGODWHE\
(';
,Q RUGHU WR UHPRYH WKH SURWHFWLRQ JURXSV WKH VROLG REWDLQHGZDV
VWLUUHG IRU  KRXUV LQ DPL[WXUH RI &+&O7)$ WULIOXRURDFHWLF DFLG
11
11
2
&&+
2 &&+
2
2
2
&&+
2
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2
2
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7KHDFLGZDVHOLPLQDWHGE\ZDVKLQJDQGFHQWULIXJLQJWKHVROLGZLWK
&+&O&+&O(W2+DQGILQDOO\ZLWK(W2+
(OHPHQWDODQDO\VLV&1+
 
WHWUDFDUER[\PHWK\OWHWUDD]DGHFDQRDWH
\O@SURS\O`WULHWKR[\VLODQH
 J  PPRO RI '73$
ELVDQK\GULGHZDVVWLUUHGRQP/
RI GU\ '0) FRQWDLQLQJ  / RI
GU\(W17KHPL[WXUHZDVVWLUUHGIRU
PLQDQGHTRIDPLQRSURS\OWULHWKR[\VLODQHZHUHDGGHGWRWKH
VROXWLRQ$IWHUKWKHVROYHQWZDVHYDSRUDWHGDQGWKHFUXGHPL[WXUHZDV
VROXELOL]HGLQP/RI01D2+LQZDWHUP/7KHEDVLFVROXWLRQ
ZDVZDVKHGWZLFHZLWKP/RI&+&ODQGHYDSRUDWHGDJDLQWRJLYHD
ZKLWHSRZGHU

%'73$K\EULGV\VWHP
7KH SRZGHU REWDLQHG LQ WKH
SUHYLRXV VWHS ZDV VROXELOLVHG LQ
0H2+7KH VROXWLRQZDV KHDWHG
DW  & DQG  J RI ERHKPLWH
ZDVDGGHGWRWKHVROXWLRQ7KHPL[WXUHZDVVWLUUHGIRUGD\7KHVROYHQW
ZDVUHPRYHGDQGWKHVROLGZDVZDVKHGWLPHVZLWK'0)DQG(W2+
(OHPHQWDODQDO\VLV&1+
Synthesis and characterization. 
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/DQWKDQLGHFRPSOH[HV
7KHK\EULGV\VWHPV''2$DQG%'73$ZHUHGLVSHUVHGLQP/
RI&+&1DQGDQHTXLPRODUTXDQWLW\RIODQWKDQLGHFKORULGHZDVDGGHG
(OHPHQWDO DQDO\VLV SURYLGHG D ORDGLQJ RI [ [ DQG
[PROHVRIJDGROLQLXPWHUELXPDQGHXURSLXPSHUJUDPRIVDPSOH
RI %'2$ DQG [ [ DQG [ PROHV SHU JUDP RI
%'73$FRPSOH[HVRIJDGROLQLXPWHUELXPDQGHXURSLXPUHVSHFWLYHO\

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
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
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6\QWKHVLVRIVTXDUDPLGHK\EULGV\VWHPV
%6T106T1%6T%6T1K\EULGV\VWHPV

7KHVTXDUDPLGHPRLHWLHVZHUHV\QWKHVLVHGLQWKHJURXSRI$&RVWD
LQWKH6XSUDPROHFXODU&KHPLVWU\*URXSDW8QLYHUVLW\RI%DOHDULF,VODQGV
7KH RUJDQLF SUHFXUVRUV ZHUH SUHSDUHG E\ FRQGHQVDWLRQ RI
WULHWKR[\VLO\OSURSDQDPLQH ZLWK WKH DSSURSULDWHG FKDUJHG
VTXDUDPLGHHVWHU
6TXDUDPLGHFRPSRXQGVPPROZHUHGLVVROYHGLQWKHPLQLPXP
TXDQWLW\ RI ZDWHU DQG DGGHG GURSZLVH WR DQ HWKDQROLF VXVSHQVLRQ RI
ERHKPLWHQDQRSDUWLFOHVJSODFHGLQDURXQGERWWRPIODVN$IWHUGD\
VWLUULQJ DW URRP WHPSHUDWXUH WKH REWDLQHG VROLGV ZHUH VHSDUDWHG E\
FHQWULIXJDWLRQ7KHQWKHVROLGVZHUHUHSHDWHGO\ZDVKHGDQGFHQWULIXJDWHG
ZLWKHWKDQRODQGDPL[WXUHRIHWKDQROZDWHU
%6T1
(OHPHQWDODQDO\VLV&1+
)XQFWLRQDOLVDWLRQ\LHOG[PROHVRIDWWDFKHGVTXDUDPLGHPROHFXOHV
SHUJUDPRIPDWHULDO
Synthesis and characterization. 

06T1
(OHPHQWDODQDO\VLV&1+
)XQFWLRQDOLVDWLRQ¶V \LHOG [ PROHV RI DWWDFKHG VTXDUDPLGH
PROHFXOHVSHUJUDPRIPDWHULDO
%6T
(OHPHQWDODQDO\VLV&1+
)XQFWLRQDOLVDWLRQ\LHOG[PROHVRIDWWDFKHGVTXDUDPLGHPROHFXOHV
SHUJUDPRIPDWHULDO
%6T1
(OHPHQWDODQDO\VLV&1+
)XQFWLRQDOLVDWLRQ\LHOG[PROHVRIDWWDFKHGVTXDUDPLGHPROHFXOHV
SHUJUDPRIPDWHULDO

%1+K\EULGV\VWHP
%1+ZDVSUHSDUHGE\UHDFWLRQRIRI
ERHKPLWH QDQRSDUWLFOHV ZLWK [
PROHV RI
DPLQRSURS\OWULHWKR[\VLODQH LQ
FPRIGU\HWKDQRO7KHUHDFWLRQZDVNHSWXQGHUVWLUULQJIRUGD\DW
 & )LQDOO\ WKH IXQFWLRQDOLVHG QDQRSDUWLFOHV ZHUH FROOHFWHG E\
FHQWULIXJDWLRQ DQG WKH SURGXFW ZDV VXFFHVVLYHO\ ZDVKHG ZLWK &+&O
0H2+DQGD0H2++2PL[WXUH
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7KH SRVLWLYH FKDUJH ORFDWHG RQ WKH SULPDU\ DPLQH ZDV DFKLHYHG
GXULQJWKHH[SHULPHQWDOWLWUDWLRQVLQWKHDFHWLFDFHWDWHEXIIHU
(OHPHQWDODQDO\VLV&1+
)XQFWLRQDOLVDWLRQ\LHOG[PROHVRIDWWDFKHGSRO\DPLQHVSHUJUDP
RIPDWHULDO

%1K\EULGV\VWHP
7KH K\EULG LQRUJDQLF±RUJDQLF V\VWHP
ZDV SUHSDUHG IROORZLQJ WKH VDPH
SURFHGXUHWKDQIRU%1+
7KH %1+ QDQRSDUWLFOHV ZHUH UHVXVSHQGHG LQ (W2+  P/ WR
FDUU\RXWWKHTXDUWHULVDWLRQRIWKHSULPDU\DPLQH&+&+,/ZHUH
DGGHGWRWKHHWKDQROLFVROXWLRQFRQWDLQLQJWKHPRGLILHGQDQRSDUWLFOHVXQGHU
$UDQGWKHPL[WXUHZDVKHDWHGDW&ZLWKYLJRURXVVWLUULQJRYHUQLJKW
:DWHUP/ZDVDGGHGDQGWKHPL[WXUHZDVUHIOX[HGIRUK7KHQWKH
QDQRSDUWLFOHV ZHUH FROOHFWHG E\ FHQWULIXJDWLRQ DQG WKH SURGXFW ZDV
VXFFHVVLYHO\ZDVKHGZLWK&+&O(W2+DQGDQ(W2+±+2PL[WXUH
(OHPHQWDODQDO\VLV&1+
)XQFWLRQDOLVDWLRQ\LHOG[PROHVRIDWWDFKHGSRO\DPLQHVSHUJUDPRI
PDWHULDO
 
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6\QWKHVLVRIS\UHQHK\EULGV\VWHPV
1DPLQRHWK\O1S\UHQ\OPHWK\OHWKDQHGLDPLQH
WULK\GURFKORULGHVDOW
1SL ZDV SUHSDUHG E\ UHDFWLRQ RI 
S\UHQHFDUER[DOGHK\GH îíPRO
DQGGLHWK\OHQHWULDPLQHîíPRO
LQ GU\ (W2+ 7KH UHVXOWLQJ PL[WXUH
ZDV VWLUUHG IRU  K DW URRP
WHPSHUDWXUHDQGWKHQDIROGH[FHVVRIVRGLXPERURK\GULGHZDVDGGHG
7KHUHDFWLRQZDVNHSWIRUDIXUWKHUKRXUXQGHUVWLUULQJ7KHFRPSRXQGZDV
LVRODWHGDQGFKDUDFWHUL]HGDVLWV+&OVDOWV
&+&O10:JPRO
<LHOG
0HOWLQJSRLQW&
(OHPHQWDODQDO\VLV
 &DOFXODWHG&+1
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&+1
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& 105  0+] '2 G SSP    
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
11ELVDPLQRHWK\O1S\UHQ\OPHWK\OHWKDQHGLDPLQH
WULK\GURFKORULGHVDOW
7SLZDVV\QWKHVL]HGE\WKHUHDFWLRQRI
S\UHQHFDUER[DOGHK\GH
îíPROZLWKDIROGH[FHVVRI
WULVDPLQRHWK\ODPLQH WUHQ
îí PRO LQ GU\ (W2+ 7KH
UHVXOWLQJPL[WXUHZDVVWLUUHGIRUKDW
URRP WHPSHUDWXUH XQGHU DUJRQ DQG WKHQ D IROG H[FHVV RI VRGLXP
ERURK\GULGHîíPROZDVDGGHGSRUWLRQZLVH$IWHUKWKHVROYHQW
ZDV HYDSRUDWHG WR GU\QHVV 7KH UHVLGXH ZDV WUHDWHG ZLWK ZDWHU DQG
UHSHDWHGO\H[WUDFWHGZLWK&+&OîP/7KHRUJDQLFSKDVHZDVGULHG
ZLWKDQK\GURXV0J62DQGWKHVROYHQWHYDSRUDWHGWRGU\QHVVWRJLYHDQ
RLO7KHRLOZDVWKHQWDNHQLQDPLQLPXPDPRXQWRI(W2+DQGSUHFLSLWDWHG
ZLWK+&OLQGLR[DQHWRREWDLQLWVK\GURFKORULGHVDOW
&+&O10:JPRO
<LHOG
0HOWLQJSRLQW&
(OHPHQWDODQDO\VLV
 &DOFXODWHG&1+
+1 1+
1
+1
 +&O
Synthesis and characterization. 

 ([SHULPHQWDO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)RXQG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
%1SLK\EULGV\VWHP
%1SL ZDV SUHSDUHG E\
UHDFWLRQ RI 
S\UHQHFDUER[DOGHK\GH
îíPRO DQG 1ƍ>
WULPHWKR[\VLO\OSURS\O@
GLHWK\OHQWULDPLQHîíPROLQPHWKDQROP/$IWHUKRIVWLUULQJ
DWURRPWHPSHUDWXUHDIROGH[FHVVRIVRGLXPERURK\GULGHZDVDGGHG
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)LQDOO\ WKH K\EULG LQRUJDQLFRUJDQLF V\VWHP ZDV SUHSDUHG E\
DGGLQJJRIERHKPLWHQDQRSDUWLFOHV WRDVROXWLRQRI WKH IXQFWLRQDOLVHG
S\UHQHDPLQHFRPSRXQGNHHSLQJWKHVWLUULQJIRUK7KHIXQFWLRQDOLVHG
QDQRSDUWLFOHV ZHUH FROOHFWHG E\ FHQWULIXJDWLRQ DQG WKH SURGXFW ZDV
VXFFHVVLYHO\ZDVKHGZLWK&+&O0H2+DQGD0H2++2PL[WXUH
(OHPHQWDODQDO\VLV&1+

%1SLK\EULGV\VWHP
%1SLZDV V\QWKHWLVHG IROORZLQJ WKH
VDPH SURFHGXUH EXW LQ WKLV FDVH WKH
UHDJHQW ZDV DPLQRSURS\O
WULHWKR[\VLODQH

(OHPHQWDODQDO\VLV&1+

%7SLK\EULGV\VWHP
%7SL ZDV V\QWKHVL]HG E\
UHDFWLRQ RI 7S\ îí PRO
VROYHGLQGU\(W2+P/
ZLWK LRGRSURS\O
WULPHWKR[\VLODQHîíPRO
LQ DQ LQHUW DWPRVSKHUH IRU  K XQGHU VWLUULQJ 7KHQ  J RI ERHKPLWH
QDQRSDUWLFOHVZDVDGGHGWRDVROXWLRQRIWKHIXQFWLRQDOLVHGS\UHQHDPLQH
FRPSRXQGNHHSLQJWKHVWLUULQJIRUK7KHIXQFWLRQDOLVHGQDQRSDUWLFOHV
Synthesis and characterization. 
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ZHUHFROOHFWHGE\FHQWULIXJDWLRQDQGWKHSURGXFWZDVVXFFHVVLYHO\ZDVKHG
ZLWK WROXHQH(W2+ (W2+ (W2++2 PL[WXUH DQG (W2+ ,Q HDFK
ZDVKLQJVWHSWKHVROLGZDVFROOHFWHGE\FHQWULIXJDWLRQ
(OHPHQWDODQDO\VLV&1+

%SLK\EULGV\VWHP
%SL ZDV SUHSDUHG E\ UHGXFWLRQ RI 
S\UHQHFDUER[DOGHK\GHîíPROZLWKD
IROGH[FHVVRIVRGLXPERURK\GULGHDWURRP
WHPSHUDWXUH $IWHU WKDW WKH SURGXFW ZDV
H[WUDFWHGZLWKZDWHUDQGWKHUHVXOWLQJDOFRKRO
ZDVUHDFWHGZLWKWKHERHKPLWHQDQRSDUWLFOHV
E\ 2+ FRQGHQVDWLRQ )LQDOO\ WKH VROLG ZDV UHSHDWHGO\ ZDVKHG ZLWK
HWKDQROGLFKORURPHWKDQHDQGHWKHU,QHDFKZDVKLQJVWHSLWZDVFROOHFWHG
E\FHQWULIXJDWLRQ
(OHPHQWDODQDO\VLV&+

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

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*HQHUDOFKDUDFWHUL]DWLRQIRUK\EULGV\VWHPV
x29Si Nuclear magnetic resonance. ,WLVZHOONQRZQWKDW6L105
VSHFWURVFRS\ZKLFKLVVHQVLWLYHWRWKHILUVWDQGVHFRQGQHDUHVWQHLJKERXUV
DOORZVIRUDQHDV\GLVFULPLQDWLRQEHWZHHQWKH7&±6L2DQGWKH46L2
XQLWV7KHFOHDYDJHRIWKH6L±&ERQGVRIWKH7XQLWVWRJLYHWKH4XQLWV
SURGXFHV DQ XSILHOG VKLIW RI WKH 6L VLJQDOZKLFKPRYHV IURP G   
WRSSP7XQLWVWRG WR4XQLWV,QWKLVUHVSHFWWKH&3
0$66L105LVFRQFOXVLYHDERXW WKHQDWXUHRI WKHERQGEHWZHHQ WKH
ERHKPLWHDQGWKHIXQFWLRQDOLVHGSUHFXUVRU

6FKHPH&KHPLFDOVKLIWVIRU7DQG4XQLWVLQ6L105

7KH VXEVWLWXWLRQ RI VLOLFRQ DWRPV E\ DOXPLQLXP RQHV \LHOGV
GRZQILHOGVKLIWVIURPWRSSPRIWKH6LVLJQDOVIRUHYHU\VXEVWLWXWHG
VLOLFRQVFKHPH,QILJXUHDUHVKRZQWKH6L105RIGLIIHUHQW
V\QWKHWLVHGK\EULGV\VWHPVGXULQJWKLV3K'7KHVLJQDOVFHQWUHGDW
DQGSSPZKLFKDUHLQDJUHHPHQWZLWKD7&+±6L±2$O2+DQG
Synthesis and characterization. 
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7 &+±6L±2$O XQLWV GHPRQVWUDWLQJ WKH FRYDOHQW DWWDFKPHQW RI WKH
VLOLFRQGHULYDWLYHWRWKHERHKPLWHVXUIDFHWKURXJK6L±2±$OERQGV


)LJXUH([DPSOHVRI6L105RIIXQFWLRQDOLVHGQDQRSDUWLFOHV

x Powder X-ray diffraction, infrared spectra, transmission electron 
microscopy and 27Al nuclear magnetic resonance LQ FDVH RI FRUHVKHOO
QDQRSDUWLFOHVZHUHFDUULHGRXWIRUDOOWKHK\EULGV\VWHPVVKRZLQJWKDWWKH
PDWUL[ RI WKH VXSSRUWV KDYH QRW EHHQ GLVUXSWHG WKURXJKRXW WKH
IXQFWLRQDOL]DWLRQSURFHGXUHV





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-3K\V&KHP%
>@D,$$NVD\'0'DEEV06DULND\D-$P&HUDP6RF
E-/$QGUHZV*+%HDOO$/HPSLFNL-/XPLQ
F<,TEDO:(/HH-$P&HUDP6RF
>@D,$$NVD\-$3DVN-$P&HUDP6RFE)-
.OXJ63URFKD]ND5+'RUHPXV-$P&HUDP6RF
>@(5GH6ROD)(VWHYDQ)-7RUUHV-$ODUFyQ-1RQ&U\VWDOOLQH
6ROLGV

Synthesis and characterization. 


>@D560F'RQDOG-3K\V&KHPE60XVLü1
)LOLSRYLü9LQFHNRYLü/6HNRYDQLü%UD]-&KHP(QJ
>@ D0 6DOHV -$ODUFyQ - (XU &HUDP 6RF    E.
2NDGD12WVXND-$P&HUDP6RF
>@<+LUDWD.6DNHGD<0DWVXVKLWD.6KLPDGD<,VKLKDUD-$P
&HUDP6RF
>@$'DGDEKR\ 6 )DXONQHUD 3* 6DPPHV -&KHP 6RF 3HUNLQ
7UDQV
>@04XHURO-:&KHQ5:HLVVOHGHU$%RJGDQRY-U2UJ/HWW

>@013LxD&5RWJHU%6REHUDWV3%DOOHVWHU30'H\j$&RVWD
&KHP&RPPXQ
>@-):.HDQD<:X*:X-2UJ&KHP
>@D--LDR6$OWZDVVHU::DQJ-:HLWNDPS0+XQJHU-3K\V
&KHP%E6(N(,,LVNROD/1LLQLVW|-9DLWWLQHQ
773DNNDQHQ$5RRW-3K\V&KHP%

 
 
 
 
 
 
 
 
 
 
 
1DQRSDUWtFXODVGHERKHPLWD
PRGLILFDGDVSDUDODGHWHFFLyQ
GH+J,,HQDJXD
 
 
 
 
 
 
 
 
  

Capítulo 6. 

,QWURGXFFLyQ
(O PHUFXULR H[LVWH SULQFLSDOPHQWH HQ WUHV HVWDGRV GH R[LGDFLyQ
+JPHWiOLFR+J,PHUFXULRVR\+J,,PHUF~ULFR(OPHUFXULRHV
XQR GH ORV FRPSRQHQWHV PiV Wy[LFRV TXH VH SXHGH HQFRQWUDU HQ OD
QDWXUDOH]D \D TXH LQFOXVR D FRQFHQWUDFLRQHV PX\ EDMDV SXHGH FDXVDU
HQIHUPHGDGHVGLJHVWLYDVTXHDIHFWHQDOEXHQIXQFLRQDPLHQWRGHOULxyQH
LQFOXVRQHXUROyJLFDV/DDJHQFLDGHSURWHFFLyQPHGLRDPELHQWDO (3$
LQGLFD HO QLYHOPi[LPR GH+J,, SHUPLWLGR HQ HO DJXD GH FRQVXPR HQ
SSE 6LQ HPEDUJR KR\ HQ GtD OD FRQWDPLQDFLyQ PHGLRDPELHQWDO SRU
PHUFXULRHVXQJUDQSUREOHPDGHELGRDODH[LVWHQFLDGHXQDJUDQYDULHGDG
GH IXHQWHV GH PHUFXULR GHVGH QDWXUDOHV SRU HMHPSOR OD DFWLYLGDG
YROFiQLFD KDVWD LQGXVWULDOHV OD H[SORWDFLyQ GHPLQDV ORV FRPEXVWLEOHV
IyVLOHVHWFILJXUD(OFLFORJOREDOGHOPHUFXULRHQJOREDODHPLVLyQ
GH+JGHVGHODWLHUUD\ODVDJXDVVXSHUILFLDOHVDODDWPyVIHUDGRQGHVH
SXHGHWUDQVIRUPDUHQRWUDVHVSHFLHVVROXEOHV\YROYHUPHGLDQWHGLIHUHQWHV
SURFHVRVGHGHSRVLFLyQ(QHVWHVHQWLGR(VSDxDHVXQRGHORVSDtVHVFRQ
XQDPD\RUH[SRUWDFLyQGHPHUFXULRGHQWURGHOD8QLyQ(XURSHDGHELGRHQ
JUDQPHGLGDDODVPLQDVGH$OPDGpQTXHSURGXFHQPiVGHWRQHODGDV
DO DxR VL ELHQ HV FLHUWR TXH OD FDQWLGDG GH PHUFXULR TXH VH OLEHUD DO
PHGLRDPELHQWH HV GHVFRQRFLGD 6L DGHPiV VH WLHQH HQ FXHQWD TXH OD
FDQWLGDGGHPHUFXULRGHULYDGDGHDFWLYLGDGHVKXPDQDVURQGDHQWUH\
WRQHODGDVDODxRHVQHFHVDULRSUHVWDUDWHQFLyQDOIOXMRGHPHUFXULR
TXHYDDOPHGLRDPELHQWH\VXHIHFWRHQpO


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
)LJXUD'LVWULEXFLyQHVSHFLDOGHODVHPLVLRQHVGHPHUFXULRDQWURSRJpQLFRD
ODDWPyVIHUDHQHODxR
(OSUREOHPD\RHOSHOLJURGHORVSURFHVRVGHGHSRVLFLyQGHPHUFXULR
HQODWLHUUDVHGHEHQDTXHHOPHUFXULRLQRUJiQLFRVHR[LGDD+J,,\VH
WUDQVIRUPDHQFRPSXHVWRVRUJDQRPHUFXULDOHVILJXUD3RUHMHPSORHO
PHWLOPHUFXULR HV FRQRFLGR SRU DFXPXODUVH HQ ORV SHFHV \ PDPtIHURV
PDULQRVDOFDQ]DQGRQLYHOHVPi[LPRVHQODVHVSHFLHVGHSUHGDGRUDVTXHVH
HQFXHQWUDQDOILQDOGHODFDGHQDDOLPHQWLFLDHQWUDQGRGHHVWDIRUPDHQOD
GLHWDGHOVHUKXPDQR3RUHVRHOGHVDUUROORGHPpWRGRVHILFDFHVSDUD OD
GHWHFFLyQGHPHUFXULRFDWLyQLFRHQGLVROXFLRQHVDFXRVDVFRQXQDOWRJUDGR
GHVHQVLELOLGDG\VHOHFWLYLGDGHVPX\LPSRUWDQWH
Capítulo 6. 


)LJXUD&LFORGHOPHUFXULRHQXQODJRGRQGHVHSXHGHSURGXFLU
PHWLOPHUFXULRWy[LFR$EUHYLDWXUDV+JPHUFXULRHQVXILUPDHOHPHQWDO
+J,,PHUFXULRGLYDOHQWH0H+JPHWLOPHUFXULR
+R\HQGtDH[LVWHQGLIHUHQWHVWLSRVGHVHQVRUHVTXtPLFRV\ItVLFRV
GHVDUUROODGRVSDUDODGHWHFFLyQGH+J,,TXHXVDQXQDJUDQYDULHGDGGH
PpWRGRVH[SHULPHQWDOHV\WpFQLFDVGLIHUHQWHVFRPRODDEVRUFLyQDWyPLFD
OD HOHFWURTXtPLFD OD HVSHFWURPHWUtD GH PDVDV FRQ SODVPD DFRSODGR
LQGXFWLYDPHQWH OD HVSHFWURVFRStD GH UHVRQDQFLD PDJQpWLFD HWF
 $XQTXH HVWDV WpFQLFDV KDQ GDGR UHVXOWDGRV DQDOtWLFRVPX\
EXHQRVWLHQHQFRPRGHVYHQWDMDHOXVRGHHTXLSDPLHQWRFRVWRVR\WLHPSRV
GHSUHSDUDFLyQGHPXHVWUDV\PHGLGDODUJRV'HVGHQXHVWURSXQWRGHYLVWD
ORVVHQVRUHVySWLFRVUHSUHVHQWDQXQDGHODVSRVLELOLGDGHVPiVLQWHUHVDQWHV
SDUD UHVROYHU ORV LQFRQYHQLHQWHV DQWHV PHQFLRQDGRV GHELGR D TXH VRQ
WpFQLFDVTXHQRUHTXLHUHQXQDLQVWUXPHQWDFLyQFDUDODWRPDGHUHVXOWDGRV
HVUiSLGD\HQODPD\RUtDGHORVFDVRVQRHVQHFHVDULRXQSUHWUDWDPLHQWRGH
ODV PXHVWUDV $GHPiV HV QHFHVDULR UHDOL]DU XQ HVIXHU]R H[WUD HQ HO
GHVDUUROOR GH TXLPLRVHQVRUHV TXH VHDQ FDSDFHV GH GHWHFWDUPHUFXULR HQ
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DJXD VLQ OD QHFHVLGDG GH XWLOL]DU PHGLRV RUJiQLFRV R PH]FODV GH
GLVROYHQWHVRUJiQLFRV\DFXRVRVGHPDQHUDTXHODVPHGLGDV\SRUWDQWR
ORV UHVXOWDGRV VH SXHGDQ OOHYDU D FDER HQPXHVWUDV ³UHDOHV´ TXH HQ VX
PD\RUtDVHHQFXHQWUDQHQPHGLRVDFXRVRV

3ROLDPLQDVFRPRTXLPLRVHQVRUHVPHWiOLFRV
&RPRVHKDGLVFXWLGRHQODLQWURGXFFLyQJHQHUDODODKRUDGHGLVHxDU
XQ TXLPLRVHQVRU OXPLQLVFHQWH VH GHEHQ WHQHU HQ FXHQWD WDQWR ODV
FDUDFWHUtVWLFDV GHO UHFHSWRU FRPR ODV GH OD XQLGDG LQGLFDGRUD 6L QRV
FHQWUDPRV HQ HO UHFRQRFLPLHQWR GH LRQHV PHWiOLFRV OD HVWDELOLGDG GHO
FRPSOHMRFDWLyQOLJDQGRGHSHQGHGHPXFKRVIDFWRUHVQDWXUDOH]DGHOFDWLyQ
\GHOGLVROYHQWHODWHPSHUDWXUDODIXHU]DLyQLFDHWF(VSRUHOORTXHODV
FDUDFWHUtVWLFDVGHO UHFHSWRU VX WRSRORJtD HOQ~PHUR\HO WLSRGHJUXSRV
IXQFLRQDOHVVHGHEHQDGHFXDUDODVGHOVXVWUDWRGLiPHWURLyQLFRGHQVLGDG
GHFDUJDQ~PHURGHFRRUGLQDFLyQ
(QHOGLVHxRGHQXHVWURTXLPLRVHQVRUKtEULGRVHKDGHFLGLGRXWLOL]DU
SROLDPLQDV GH FDGHQD DELHUWD DFtFOLFDV SRU ODV JUDQGHV YHQWDMDV TXH
SUHVHQWDQ/RVFRPSXHVWRVSROLDPtQLFRVVHFDUDFWHUL]DQSRUVHUVROXEOHV
HQ DJXD \ VHU UHFHSWRUHV DPELYDOHQWHV FDSDFHV GH FRRUGLQDU PHWDOHV
FXDQGRHOQ~PHURGHJUXSRVDPLQRQRSURWRQDGRVHVVXILFLHQWH\HVSHFLHV
DQLyQLFDVFXDQGRORVJUXSRVDPLQRVHHQFXHQWUDQSURWRQDGRV$GHPiV
VLVHDxDGHXQDXQLGDGIOXRUHVFHQWHDODFDGHQDSROLDPtQLFDVHLQWURGXFHQ
ODV YHQWDMDV GH OD HVSHFWURVFRStD GH IOXRUHVFHQFLD FRPR WpFQLFD GH
GHWHFFLyQEDUDWDIiFLO\UiSLGD8QDYHQWDMDDGLFLRQDOTXHSUHVHQWDHOXVR
GH SROLDPLQDV HQ GLVROYHQWHV SUyWLFRV HV HO KHFKR GH TXH ORV SURWRQHV
FRPSLWHQFRQ ORV LRQHVPHWiOLFRVSRU ORVJUXSRVDPLQR(Q IDVHJDV OD
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DILQLGDG TXH SUHVHQWDQ ORV JUXSRV DPLQR SRU ORV SURWRQHV VLJXH OD
WHQGHQFLDJUXSRDPLQRWHUFLDULR!VHFXQGDULR!SULPDULR6LQHPEDUJRHQ
GLVROXFLyQDFXRVDODWHQGHQFLDHVVHFXQGDULR|SULPDULR!WHUFLDULR\DTXH
ODVPROpFXODVGH DJXDSXHGHQ IRUPDU HQODFHVSRUSXHQWHVGHKLGUyJHQR
IiFLOPHQWHFRQODVDPLQDVSURWRQDGDV\VROYDWDUODV$VtFXDQWRPHQRUHV
OD VXVWLWXFLyQ GHO JUXSR DPLQR PD\RU HV OD VROYDWDFLyQ \ SRU WDQWR OD
HVWDELOLGDGGHODHVSHFLH
'DGRTXHHOJUXSRDPLQRWLHQHSURSLHGDGHVHOHFWUyQGDGRUDVSXHGH
LQWHUYHQLUHQSURFHVRVGHWUDQVIHUHQFLDHOHFWUyQLFDFXDQGRXQIOXRUyIRURVH
HQFXHQWUD SUy[LPR /D SURWRQDFLyQ GH ORV JUXSRV DPLQR SUHYLHQH HVWRV
SURFHVRVSRUORTXHODIOXRUHVFHQFLDGHHVWRVVLVWHPDVSXHGHVHUPRGXODGD
D WUDYpVGH ORVSURFHVRVGHSURWRQDFLyQ\GHVSURWRQDFLyQGH ORVJUXSRV
DPLQR
$GHPiV GDGR TXH OD VtQWHVLV GH HVWH WLSR GH OLJDQGRV HV
UHODWLYDPHQWH VHQFLOOD \ EDUDWD VH SXHGHQ UHDOL]DUPRGLILFDFLRQHV HQ OD
HVWUXFWXUD GH FDUD D OD REWHQFLyQGH XQTXLPLRVHQVRU ORPiV VHQVLEOH \
VHOHFWLYR SRVLEOH VLQ TXH HOOR VXSRQJD XQ JUDQ HVIXHU]R VLQWpWLFR R
HFRQyPLFR(QHVWHVHQWLGRVHKDGHFLGLGRYDULDUHOQ~PHURGHiWRPRVGH
QLWUyJHQR GH OD FDGHQD SROLDPtQLFD SDUD HVWXGLDU VX HIHFWR HQ HO
UHFRQRFLPLHQWR GH ORV VXVWUDWRV \ HQ OD VROXELOLGDG GHO SURSLR VLVWHPD
KtEULGR
3RUWRGRHOOR\GHELGRDODVFDUDFWHUtVWLFDVTXHSUHVHQWDHO+J,,
FRPRHOHIHFWRGHPHWDOSHVDGR\VXWHQGHQFLDDIRUPDUFRPSOHMRVGHEDMR
Q~PHURGHFRRUGLQDFLyQVHKDGHVDUUROODGRXQPDWHULDOKtEULGRFRPSXHVWR
SRU QDQRSDUWtFXODV IXQFLRQDOL]DGDV FRQ SROLDPLQDV DFtFOLFDV HQ ODV TXH
PHGLDQWH HO HPSOHR GH OD HVSHFWURVFRStD GH IOXRUHVFHQFLD VH SUHWHQGH
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GHWHFWDU HVWH FDWLyQ PHGLDQWH OD GHVDFWLYDFLyQ GH OD HPLVLyQ GH
IOXRUHVFHQFLD

6LVWHPDVKtEULGRVHPSOHDGRV
 /DQDQRWHFQRORJtDHVXQiUHDPXOWLGLVFLSOLQDUFX\RGHVDUUROORHV
~WLO HQ GLIHUHQWHV FDPSRV GH OD FLHQFLD \ OD WHFQRORJtD /D VtQWHVLV
SURSLHGDGHV\DSOLFDFLRQHVTXHVHOHSXHGHQGDUDHVWRVPDWHULDOHVHVPX\
GLYHUVD\VHH[WLHQGHGHVGHHOFDPSRGHODELRPHGLFLQDFRQHOGHVDUUROOR
GHDJHQWHVGHLPDJHQOLEHUDFLyQGHIiUPDFRVKHUUDPLHQWDVGHGLDJQyVWLFR
SDVDQGR SRU HO FDPSR GHO PHGLRDPELHQWH SDUD OD GHWHFFLyQ GH
FRQWDPLQDQWHV KDVWD HO FDPSR GH OD HOHFWUyQLFD FRQ HO GHVDUUROOR GH
PDWHULDOHV FRQ DSOLFDFLRQHV ySWLFDV 'HQWUR GH ORV GLIHUHQWHV WLSRV GH
VLVWHPDV TXH SXHGHQ HPSOHDUVH HQ HO GHVDUUROOR GH TXLPLRVHQVRUHV
KtEULGRV FDEHGHVWDFDU HO HPSOHRGH QDQRSDUWtFXODV FRQ DUTXLWHFWXUD GH
Q~FOHRHQYROWXUD(VWHWLSRGHPDWHULDOHVFRQVLVWHHQXQQ~FOHRLQWHUQRGH
XQDFRPSRVLFLyQTXtPLFDGHWHUPLQDGD\XQDFDSDH[WHUQDGHRWUDGLIHUHQWH
(VWDFDUDFWHUtVWLFDHVWUXFWXUDODEUH ODSRVLELOLGDGGHFRPELQDUGLIHUHQWHV
PDWHULDOHV\SRUORWDQWRGLIHUHQWHVSURSLHGDGHVHQXQDPLVPDHQWLGDG

(VTXHPD&RPSRVLFLyQGHODVQDQRSDUWtFXODVFRQDUTXLWHFWXUDQ~FOHR
HQYROWXUD
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(QQXHVWURFDVRVHKDGHFLGLGRWUDEDMDUFRQQDQRSDUWtFXODVHQODVTXH
HOQ~FOHRHVWiFRPSXHVWRSRUERKHPLWDFULVWDOLQDURGHDGDGHXQDILQDFDSD
GHVtOLFHDPRUIDSRU ODVYHQWDMDVTXHHVWRVGRVPDWHULDOHVSURSRUFLRQDQ
HVTXHPD
x (O HPSOHRGHXQD HVWUXFWXUD FULVWDOLQD FRPRQ~FOHRKDFHTXH HO
JUDGRGHKRPRJHQHLGDGGHODVQDQRSDUWtFXODVILQDOHVVHDHOHYDGR
WDQWR HQ OD IRUPD FRPR HQ HO WDPDxR &XDQGR VH WUDEDMD FRQ
QDQRSDUWtFXODVGHVtOLFHDPRUIDGHGLiPHWURVDOUHGHGRUGHQP
HVXVXDOWHQHUSUREOHPDVGHIDOWDGHKRPRJHQHLGDG\DJUHJDFLyQ
GHODVQDQRSDUWtFXODV\DTXHODVtQWHVLVVHYHDIHFWDGDSRUXQJUDQ
Q~PHUR GH IDFWRUHV FRPR HO SURFHGLPLHQWR GH PH]FOD GH ORV
UHDFWLYRVHOVHFDGRGHODVQDQRSDUWtFXODV
x /DDGLFLyQGHXQDHQYROWXUDGXUDQWHODVtQWHVLVGHOQ~FOHRGHODV
QDQRSDUWtFXODVSHUPLWHFRQWURODUHOWDPDxRGHODVPLVPDV(QHVWH
FDVRVHKDQVLQWHWL]DGRQDQRSDUWtFXODVFRQXQGLiPHWURPHGLRGH
QPTXH VRQPHQRUHV D ODVQDQRSDUWtFXODVGHERKHPLWD FX\R
WDPDxRDOFDQ]DHQDOJXQRVFDVRVORVQPGHGLiPHWUR
x /D HVWDELOLGDG GH ODV GLVROXFLRQHV FRORLGDOHV VHPDQWLHQH HQ XQ
DPSOLR LQWHUYDOR GH S+ /DV GLVSHUVLRQHV GH ERKHPLWD VRQ D
FRQFHQWUDFLRQHVPLOLPRODUHVHVWDEOHVKDVWDS+ILVLROyJLFRDSDUWLU
GHOFXDOHPSLH]DQDFRDJXODU6LQHPEDUJRODVQDQRSDUWtFXODVGH
ERKHPLWDVtOLFD KDQ UHVXOWDGR VHU HVWDEOHV HQ GLVROXFLyQ DFXRVD
KDVWDS+HQHOPLVPRUDQJRGHFRQFHQWUDFLyQ
$ FRQWLQXDFLyQ VH PXHVWUDQ ORV UHFHSWRUHV KtEULGRV TXH VH YDQ D
HVWXGLDUHQHVWHFDStWXORHVTXHPD(QORVGRVFDVRVVHKDHPSOHDGR
HOPLVPRWLSRGHQDQRSDUWtFXODVFRPRVRSRUWHVyOLGRGHQRPLQDGDV0\
VHKDQXWLOL]DGRGRVFDGHQDVSROLDPtQLFDVDELHUWDVTXHFRQWLHQHQXQD~QLFD
Nanopartículas de bohemita para la detección de mercurio en agua. 

DPLQDVHFXQGDULDHQXQFDVR1\DPLQDVVHFXQGDULDVHQHORWUR1
LQFOX\HQGR HQ DPERV FDVRV HO IOXRUyIRUR DQWUDFHQR $ FRPR XQLGDG
VHxDOL]DGRUD /RV VLVWHPDV KtEULGRV VLQWHWL]DGRV VH KDQ GHQRPLQDGR
01$\01$UHVSHFWLYDPHQWH3DUDFRQRFHUODFDQWLGDGGHSROLDPLQD
DQFODGDDODVXSHUILFLHGHODVQDQRSDUWtFXODVVHKDUHDOL]DGRXQFDOLEUDGR
PHGLDQWH IOXRUHVFHQFLD XWLOL]DQGR ODV PROpFXODV OLEUHV 1$ \ 1$
DGHPiVGHORVUHVXOWDGRVREWHQLGRVGHODQiOLVLVHOHPHQWDO

(TXHPD6LVWHPDVKtEULGRVVLQWHWL]DGRV
$XQTXH ODSUHSDUDFLyQGHHVWRV VLVWHPDVKtEULGRVSXHGHSDUHFHU
VLPSOHVXGLVHxRQRKDVLGRWULYLDO6HKDWHQLGRHQFXHQWDODFDSDFLGDGGHO
PHUFXULRSRUIRUPDUFRPSOHMRVFRQXQtQGLFHGHFRRUGLQDFLyQGHUHODWLYD
HVWDELOLGDGDODKRUDGHHOHJLUSROLDPLQDVDFtFOLFDVFRQXQQ~PHURSHTXHxR
GHiWRPRVGDGRUHVDGLIHUHQFLDGHORTXHSDVDFRQRWURVLRQHVPHWiOLFRV
FRPR HO &X,, R HO =Q,, TXH SUHVHQWDQ SUHIHULEOHPHQWH tQGLFHV GH
FRRUGLQDFLyQPiVHOHYDGRV\


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(VWXGLRVIOXRULPpWULFRV
(O SULPHU SDVR D OD KRUD GH HVWXGLDU XQ VLVWHPD PHGLDQWH
HVSHFWURVFRStD GH IOXRUHVFHQFLD HV FRQRFHU VX HVSHFWUR GH DEVRUFLyQ \
HQFRQWUDU ODV FRQGLFLRQHV GH H[FLWDFLyQ \ HPLVLyQ ySWLPDV HQ ODV
FRQGLFLRQHV H[SHULPHQWDOHV GH WUDEDMR (Q OD ILJXUD  VHPXHVWUD HO
HVSHFWUR GH DEVRUFLyQ \ HPLVLyQ GHO VLVWHPD 01$ (O HVSHFWUR GH
DEVRUFLyQPXHVWUD ODVEDQGDVFDUDFWHUtVWLFDVGHODQWUDFHQRFHQWUDGDVD
QPQP\QP6HKDUHSUHVHQWDGRHOHVSHFWURGHDEVRUFLyQ
MXQWRFRQHOHVSHFWURGHHPLVLyQGHIOXRUHVFHQFLDSDUDPRVWUDUFyPRHQHO
FDVRGHDOJXQDVPROpFXODVDURPiWLFDVHVSRVLEOHGLVWLQJXLUODVWUDQVLFLRQHV
HQWUH GLIHUHQWHV QLYHOHV YLEUDFLRQDOHV YHU VHFFLyQ GH OXPLQLVFHQFLD
DSDUWDGR$GHPiVVHREVHUYDTXHHOHVSHFWURGHIOXRUHVFHQFLDHVOD
LPDJHQ HVSHFXODU GHO HVSHFWUR GH DEVRUFLyQ FRQ XQ GHVSOD]DPLHQWR GH
6WRNHVPtQLPRRORTXHHVORPLVPRXQDFDVL WRWDOFRLQFLGHQFLDGHODV
WUDQVLFLRQHVQQ(

)LJXUD(VSHFWURGHH[FLWDFLyQDEVRUFLyQ\HPLVLyQGHOVLVWHPD01$
OH[F QP\OHPLV QP


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&RPSRUWDPLHQWRiFLGREDVHHQGLVROXFLyQDFXRVD
&RPRVHKDFRPHQWDGRDQWHULRUPHQWHVHKDGHPRVWUDGRTXHORV
OLJDQGRVSROLDPtQLFRVVRQUHFHSWRUHVPX\YHUViWLOHV\DTXHVRQFDSDFHVGH
FRRUGLQDU HVSHFLHV FDWLyQLFDV R DQLyQLFDV HQ IXQFLyQ GHO JUDGR GH
SURWRQDFLyQGHORVJUXSRVDPLQR'DGRTXHODVUHDFFLRQHVGHFRPSOHMDFLyQ
FRPSLWHQ FRQ ODV GH SURWRQDFLyQ HV QHFHVDULR FRQRFHU SUHYLDPHQWH ODV
SURSLHGDGHV iFLGREDVH GH ORV UHFHSWRUHV SROLQLWURJHQDGRV DQWHV GH
HVWXGLDUODFDSDFLGDGFRRUGLQDWLYDGHORVOLJDQGRV

)LJXUD9DULDFLyQGHORVHVSHFWURVGHHPLVLyQGHIOXRUHVFHQFLDGHORV
VLVWHPDV01$$\01$%HQIXQFLyQGHOS+OH[F QP
Capítulo 6. 

(Q JHQHUDO HO FRPSRUWDPLHQWR OXPLQLVFHQWH HQ UHFHSWRUHV
SROLDPtQLFRVTXHFRQWLHQHQJUXSRV IOXRUyIRURVGHSHQGHHQJUDQPHGLGD
GHO JUDGR GH SURWRQDFLyQ GH GLFKRV UHFHSWRUHV 8QD YDORUDFLyQ
IOXRULPpWULFDiFLGREDVHGHORVUHFHSWRUHVSHUPLWHFRQRFHUFyPRYDUtDOD
HPLVLyQHQIXQFLyQGHOS+\SRUORWDQWRVHOHFFLRQDUORVLQWHUYDORVGHS+
DGHFXDGRV SDUD UHDOL]DU ORV HVWXGLRV SRVWHULRUHV GH FRRUGLQDFLyQ /DV
YDORUDFLRQHV GH ORV UHFHSWRUHV KtEULGRV 01$ \ 01$ PXHVWUDQ HQ
DPERV FDVRV XQD GLVPLQXFLyQ HQ OD LQWHQVLGDG GH HPLVLyQ FRQIRUPH VH
DXPHQWD HO S+ ILJXUD $GHPiV ~QLFDPHQWH VH REVHUYD OD HPLVLyQ
GHELGDDOPRQyPHURGHODQWUDFHQRVLQREVHUYDUIRUPDFLyQGHH[FtPHURV
HQQLQJXQRGHORVGRVVLVWHPDV3DUDHYDOXDUPiVIiFLOPHQWHHOHIHFWRGHO
FDPELRGHS+VREUHODHPLVLyQGHIOXRUHVFHQFLDGHORVGLIHUHQWHVVLVWHPDV
VHKDUHSUHVHQWDGRODYDULDFLyQGHOPi[LPRGHHPLVLyQOHPLV QPHQ
IXQFLyQGHOS+ILJXUD

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
)LJXUD9DULDFLyQGHOPi[LPRGHHPLVLyQGHIOXRUHVFHQFLDGHORVVLVWHPDV
01$$\01$%HQIXQFLyQGHOS+OH[F QP\OHPLV QP
/DGHVDFWLYDFLyQGHODHPLVLyQGHODIOXRUHVFHQFLDCHEQTXHVH
SURGXFHDODXPHQWDUHOS+VHSXHGHH[SOLFDUDWUDYpVGHXQPHFDQLVPRGH
WUDQVIHUHQFLDHOHFWUyQLFDIRWRLQGXFLGDGHVGHHOSDUGHHOHFWURQHVVROLWDULR
Capítulo 6. 
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GH OD DPLQD D XQ HVWDGR H[FLWDGR GHO DQWUDFHQR ILJXUD &XDQGR OD
DPLQD VH HQFXHQWUD HQ VX IRUPD SURWRQDGD HO SDU GH HOHFWURQHV GHO
QLWUyJHQRVHHQFXHQWUDLQWHUDFFLRQDQGRFRQHOSURWyQSRUORTXHQRKD\
GHVDFWLYDFLyQGHODHPLVLyQGHIOXRUHVFHQFLDGHODQWUDFHQR\DTXHODYXHOWD
DO HVWDGR IXQGDPHQWDO VH SURGXFH D WUDYpV XQ SURFHVR UDGLDWLYR 6LQ
HPEDUJR FXDQGR ORV JUXSRV DPRQLR VH GHVSURWRQDQ VH SURGXFH XQD
WUDQVIHUHQFLD HOHFWUyQLFD GHVGH OD DPLQD DO IOXRUyIRUR IRU]DQGR OD
GHVDFWLYDFLyQQRUDGLDWLYDGHOHVWDGRH[FLWDGR

)LJXUD0HFDQLVPRGHWUDQVIHUHQFLDHOHFWUyQLFDIRWRLQGXFLGDSURGXFLGDSRU
ODGHVSURWRQDFLyQGHODDPLQD




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4XtPLFDGHFRRUGLQDFLyQFDWLyQLFD
(OFRPSRUWDPLHQWR IRWRTXtPLFRGHXQ OLJDQGR OLEUHSXHGHYHUVH
PRGLILFDGRDOFRPSOHMDUFDWLRQHV'HSHQGLHQGRGHODQDWXUDOH]DGHOLRQ
PHWiOLFR VH SXHGHQ REVHUYDU GRV HIHFWRV GLIHUHQWHV ([LVWHQ DOJXQRV
PHWDOHV TXH SURGXFHQ XQD GHVDFWLYDFLyQ GH OD HPLVLyQ GH IOXRUHVFHQFLD
HIHFWRCHEQPLHQWUDVTXHODFRPSOHMDFLyQDRWURVLRQHVPHWiOLFRVWLHQH
FRPRFRQVHFXHQFLDXQDXPHQWRGHODIOXRUHVFHQFLDHIHFWRCHEF
3RUHMHPSORHO&D,,HO=Q,,\HQPHQRUPHGLGDHO&G,,VRQ
PHWDOHVTXHVXHOHQSURGXFLUHQODPD\RUtDGHORVFDVRVXQHIHFWR&+()
PLHQWUDV TXH HO &X,, HO 1L,, \ HO +J,, VXHOHQ SURYRFDU XQ HIHFWR
&+(4$ODKRUDGHSUHGHFLUHOHIHFWRTXHXQGHWHUPLQDGRPHWDOWHQGUi
HQODIOXRUHVFHQFLDHV~WLOWHQHUHQFXHQWDODVVLJXLHQWHVFRQVLGHUDFLRQHV
x /RViWRPRVSHVDGRVFRPRHO+J,,\HO3E,,WLHQHQFRQVWDQWHVGH
DFRSODPLHQWRVSLQyUELWDȗJUDQGHV6HVDEHTXHYDORUHVGHȗJUDQGHV
HVWDELOL]DQORVHVWDGRVWULSOHWHORTXHVHWUDGXFHHQPD\RUHVWLHPSRV
GHYLGDGHOHVWDGRH[FLWDGR\SRUORWDQWRHQXQDPD\RUWHQGHQFLDD
H[SHULPHQWDU UHODMDFLRQHV QR UDGLDWLYDV SDUD YROYHU DO HVWDGR
IXQGDPHQWDO
x /RVPHWDOHVSDUDPDJQpWLFRVGHOEORTXH³G´FRPRHO&X,,RHO1L,,
GH DOWR VSLQ DO LJXDO TXH ORV GHO EORTXH ³I´ FRPR HO *G,,, R HO
7P,,,VRQFDSDFHVGHLQKLELUPXFKRODIOXRUHVFHQFLD
x /RV PHWDOHV FRPR HO &D,, \ HO =Q,, WLHQHQ XQ SHVR DWyPLFR
UHODWLYDPHQWH EDMR \ QR VRQ SDUDPDJQpWLFRV 6RQ PHWDOHV TXH
SUHVHQWDQ tQGLFHV GH FRRUGLQDFLyQ DOWRV SRU ORTXH VRQ FDSDFHV GH
EORTXHDUORVSDUHVGHHOHFWURQHVVROLWDULRVORFDOL]DGRVHQODPROpFXOD
RUJiQLFD\SRUORWDQWRSURGXFLUXQHIHFWR&+()HQODIOXRUHVFHQFLD
GHODPLVPD
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x 3RU ~OWLPR ORV FDWLRQHV &D,, =Q,, \ $J, FRQ FRQILJXUDFLyQ
HOHFWUyQLFD G VXHOHQ SURGXFLU XQ DXPHQWR GH OD HPLVLyQ GH
IOXRUHVFHQFLD HQ OLJDQGRV GH WLSR SROLDPtQLFR \D TXH QR VXHOHQ
LQWURGXFLUHVWDGRVH[FLWDGRVFHQWUDGRVHQHOPHWDORHVWDGRVH[FLWDGRV
FRQVHSDUDFLyQGHFDUJDTXHFRQOOHYDUtDQSURFHVRVGHWUDQVIHUHQFLD
HOHFWUyQLFDRWUDQVIHUHQFLDGHFDUJDDPERVPHFDQLVPRVGHUHODMDFLyQ
QRUDGLDWLYRV
8QDYH]FRQRFLGRHOFRPSRUWDPLHQWRIRWRTXtPLFRGHORVVLVWHPDV
KtEULGRVHQGLVROXFLyQDFXRVDHQIXQFLyQGHOS+VHSURFHGLyDHVWXGLDUHO
HIHFWR GH XQD VHULH GH PHWDOHV VREUH OD HPLVLyQ GH IOXRUHVFHQFLD 6H
UHSLWLHURQODVYDORUDFLRQHVIOXRULPpWULFDVGHORVVLVWHPDVKtEULGRVGHVSXpV
GHDGLFLRQDUFDQWLGDGHVHTXLPROHFXODUHVGHORVGLIHUHQWHVPHWDOHV(QOD
ILJXUD  VHPXHVWUD OD YDULDFLyQ GHO HVSHFWUR GH HPLVLyQ GHO VLVWHPD
&X,,01$HQUHODFLyQPRODUHQIXQFLyQGHOS+

)LJXUD(PLVLyQGHIOXRUHVFHQFLDGHOVLVWHPD&X,,01$HQIXQFLyQGHO
S+OH[F QP



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3DUD SRGHU FRPSDUDU ORV FDPELRV SURGXFLGRV SRU ORV GLIHUHQWHV
PHWDOHVVHSXHGHUHSUHVHQWDUHOPi[LPRGHHPLVLyQGHIOXRUHVFHQFLDIUHQWH
DOS+\FRPSDUDUORFRQODUHVSXHVWDIRWRTXtPLFDGHOVLVWHPDOLEUHILJXUD


)LJXUD9DULDFLyQGHOPi[LPRGHHPLVLyQGHIOXRUHVFHQFLDGHOVLVWHPD
01$HQIXQFLyQGHOS+FRQFDQWLGDGHVHTXLPRODUHVGHGLIHUHQWHVPHWDOHV
OH[F QP\OHPLV QP
0LHQWUDVTXHHO=Q,,HO3E,,\HO&G,,QRVRQFDSDFHVGHDOWHUDU
OD HPLVLyQ GH IOXRUHVFHQFLD GHO VLVWHPD01$ Vt TXH VH REVHUYD XQD
GLVPLQXFLyQ GH OD IOXRUHVFHQFLD FXDQGR VH DxDGH &X,, \ +J,, D OD
GLVROXFLyQREVHUYiQGRVHXQHIHFWRCHEQHQXQDPSOLRLQWHUYDORGHS+
$SDUWLUGHHVWRVUHVXOWDGRVVHSXHGHGHFLUTXHHOVLVWHPDKtEULGR01$
HVFDSD]GHGHWHFWDU&X,,\+J,,HQXQDGLVROXFLyQDFXRVDDGLIHUHQWHV
S+V$GHPiVHVWDGHWHFFLyQHVVHOHFWLYDIUHQWHDRWURVPHWDOHVHQVD\DGRV
HQORVTXHQRVHSURGXFHQLQJXQDUHVSXHVWDIRWRTXtPLFDDODSUHVHQFLDGHO
PHWDO

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01$B&X
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6H UHDOL]DURQ ORVPLVPRV HQVD\RV SDUD HO VLVWHPD01$ ILJXUD
/RVFDWLRQHV&X,,\+J,,PXHVWUDQXQHIHFWRCHEQPXFKRPiV
OODPDWLYRTXHHOREVHUYDGRSDUDHOVLVWHPD01$VLHQGRHO+J,,HOLRQ
PHWiOLFR TXH SURGXFH XQD PD\RU GHVDFWLYDFLyQ GH OD HPLVLyQ GH OD
IOXRUHVFHQFLDGHVGHS+iFLGR$GHPiVHQHOFDVRGHO3E,,VHREVHUYDXQ
HIHFWRCHEFSDUDHVWDUHODFLyQPRODUHQWUHS+\

)LJXUD9DULDFLyQGHOPi[LPRGHHPLVLyQGHIOXRUHVFHQFLDGHOVLVWHPD
01$HQIXQFLyQGHOS+FRQFDQWLGDGHVHTXLPRODUHVGHGLIHUHQWHVPHWDOHV
OH[F QP\OHPLV QP
8QRGHORVREMHWLYRVGHHVWHFDStWXORGHWHVLVKDVLGRODVtQWHVLVGH
VLVWHPDV KtEULGRV FDSDFHV GH GHWHFWDUPHUFXULR 3RU HOOR D SDUWLU GH OD
UHVSXHVWDOXPLQLVFHQWHREWHQLGDHQIXQFLyQGHOS+VHSXHGHQVHOHFFLRQDU
GRV S+¶V GRQGH OD GHWHFFLyQ HV PiV HIHFWLYD (Q OD JUiILFD  VH
UHSUHVHQWD HO  GH GHVDFWLYDFLyQ GH OD IOXRUHVFHQFLD SDUD HO VLVWHPD
0,,01$\0,,01$DS+\S+UHVSHFWLYDPHQWH



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
)LJXUD5HSUHVHQWDFLyQGHODUHVSXHVWDHQODHPLVLyQGHIOXRUHVFHQFLDGH
ORVVLVWHPDV01$\01$WUDVODDGLFLyQGHYDULRVPHWDOHVGLYDOHQWHVHQ
UHODFLyQHTXLPRODUDS+\OH[F QP\OHPLV QP/RVUHVXOWDGRV
VHKDQUHIHUHQFLDGRFRQVLGHUDQGRXQDUHVSXHVWDGHOVLVWHPDOLEUHLJXDODFHUR
(VLPSRUWDQWHUHVDOWDUODFDSDFLGDGGHOVLVWHPD01$SDUDGHWHFWDU
+J,,DS+(VWRV UHVXOWDGRVVHSXHGHQH[SOLFDUSRU ODFDSDFLGDGGHO
PHUFXULRGHIRUPDUFRPSOHMRVHVWDEOHVFRQtQGLFHVGHFRRUGLQDFLyQEDMRV
3RUHMHPSORHO&X,,HVFDSD]GHIRUPDUXQFRPSOHMRFRQODPHWLODPLQD
FRQXQDFRQVWDQWHGHHVWDELOLGDGGHXQLGDGHVORJDUtWPLFDVPLHQWUDVTXH
HOFRUUHVSRQGLHQWHFRPSOHMRFRQPHUFXULRVHIRUPDFRQXQDFRQVWDQWHGH
XQLGDGHVORJDUtWPLFDV'DGRTXHODFRQVWDQWHHVPiVDOWDHOPHUFXULR
HVFDSD]GHGHVSOD]DUD ORVSURWRQHV ORFDOL]DGRVVREUH ORVJUXSRVDPLQD
DQWHVTXHHOFREUH
Capítulo 6. 
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&XDQGRFDPELDPRVDOVLVWHPDKtEULGR01$FRQWUHVDPLQDVHQ
VXHVWUXFWXUDODWHQGHQFLDVHLQYLHUWHDIDYRUGHODGHWHFFLyQGHFREUH\D
TXHODHIHFWLYLGDGGHODGHVDFWLYDFLyQGHODIOXRUHVFHQFLDHVPD\RUHQHO
FDVRGHO FREUH TXH HQ HO GHOPHUFXULR6LQ HPEDUJR OD XWLOLGDGGH HVWH
VLVWHPD KtEULGR SDUD GHWHFWDU PHUFXULR HQ SUHVHQFLD GH RWURV PHWDOHV
SHVDGRVHV D~Q UHPDUFDEOH\DTXHHO UHVWRGHPHWDOHVSHVDGRVFRPRHO
&G,,\3E,,QRSURYRFDQQLQJ~QHIHFWRHQODHPLVLyQGHIOXRUHVFHQFLD
GHOVLVWHPDKtEULGR
2WUR DVSHFWR D WHQHU HQ FXHQWD FXDQGR VH UHDOL]DQ HVWXGLRV GH
UHFRQRFLPLHQWR HV OD HVWHTXLRPHWUtD GHO FRPSOHMR IRUPDGR &XDQGR VH
WUDEDMD FRQ VLVWHPDVKtEULGRVHVGLItFLO FRQRFHU OD HVWHTXLRPHWUtD FRQ OD
PLVPDH[DFWLWXGTXHFXDQGRVHWUDEDMDHQGLVROXFLyQ6LQHPEDUJRDSDUWLU
GHODUHVSXHVWDIRWRTXtPLFD\GHOJUDGRGHIXQFLRQDOL]DFLyQVHKDSRGLGR
HVWDEOHFHUTXHVHWUDWDGHFRPSOHMRV0,,/6yORVHSRGUtDSHQVDUHQ
OD IRUPDFLyQ GH FRPSOHMRV  ILJXUD  VL HQ ODV YDORUDFLRQHV VH
KXELHUDREVHUYDGRODDSDULFLyQGHODEDQGDGHOH[FtPHURODFRRUGLQDFLyQ
GHOPHWDODGRVFDGHQDVSROLDPtQLFDVDFHUFDUtDODVXQLGDGHVGHDQWUDFHQR
ORVXILFLHQWHSDUDTXHVHGLHUDXQDSLODPLHQWRGHODVXQLGDGHVDURPiWLFDV
(O KHFKR GH TXH QR VH KD\D IRUPDGR XQ H[FtPHUR SDUD QLQJXQR GH ORV
PHWDOHVDSR\DODKLSyWHVLVGHXQFRPSOHMRGHHVWHTXLRPHWUtD

)LJXUD5HSUHVHQWDFLyQGHODIXQFLRQDOL]DFLyQGHODVXSHUILFLHGHODV
QDQRSDUWtFXODVTXHGDUtDOXJDUDODIRUPDFLyQGHXQH[FtPHURQDUDQMD
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&iOFXORGHOOtPLWHGHGHWHFFLyQ
8QD YH] TXH VH KD DOFDQ]DGR HO REMHWLYR GH REWHQHU XQ VLVWHPD
KtEULGRFDSD]GHUHFRQRFHUPHUFXULRHQGLVROXFLyQDFXRVDHVLPSRUWDQWH
GHWHUPLQDU OD VHQVLELOLGDG GHO SURFHVR GH UHFRQRFLPLHQWR (O OtPLWH GH
GHWHFFLyQ/'VHGHILQHFRPRODFDQWLGDGPtQLPDGHVXVWUDWRQHFHVDULD
SDUDSURGXFLUXQDUHVSXHVWDGLIHUHQFLDEOHDODGHOEODQFRTXHHQQXHVWUR
FDVRVHUtDHOVLVWHPDKtEULGRHQDXVHQFLDGHPHUFXULRYHUDSDUWDGR
(Q OD ILJXUD  VH UHSUHVHQWD OD YDULDFLyQ GH OD HPLVLyQ GH
IOXRUHVFHQFLD D  QP IUHQWH D OD DGLFLyQ GH FDQWLGDGHV FUHFLHQWHV GH
+J,,DS+&RPRVHKDFRPHQWDGRHQHOFDStWXORHVQHFHVDULRFRQRFHU
ODSHQGLHQWHSDUDSRGHUFDOFXODUHO/'
)LJXUD9DULDFLyQGHODLQWHQVLGDGGHHPLVLyQGHIOXRUHVFHQFLDGHOVLVWHPD
01$IUHQWHDDGLFLRQHVFUHFLHQWHVGH+J,,OH[F QP\OHPLV QP
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(Q OD WDEOD  VH PXHVWUDQ ORV UHVXOWDGRV SDUD DPERV VLVWHPDV
REWHQLGRVDSDUWLUGHODPHGLDGHWUHVYDORUDFLRQHVLQGHSHQGLHQWHV(QORV
GRVFDVRVVHKDREWHQLGRXQOtPLWHGHGHWHFFLyQEDVWDQWHLQIHULRUDOPi[LPR
SHUPLWLGRSRUODDJHQFLDGHSURWHFFLyQDPELHQWDO(3$SDUDHODJXDGH
FRQVXPRTXHHVWiILMDGRHQSSE
7DEOD  9DORUHV GH OtPLWH GH GHWHFFLyQ GH +J,, SDUD ORV VLVWHPDV KtEULGRV
01$\01$PHGLGRVHQGLVROXFLyQDFXRVDDS+
6LVWHPD /tPLWHGHGHWHFFLyQSSE
01$ 
01$ 

(QODILJXUDVHPXHVWUDXQDLPDJHQHQODTXHVHKDSUHSDUDGR
XQDGLVROXFLyQDFXRVDGH01$\RWUDTXHFRQWLHQHHO VLVWHPDKtEULGR
MXQWRFRQXQDFDQWLGDGHTXLPROHFXODUGHPHUFXULRGRQGHVHSXHGHYHUTXH
ODDGLFLyQGHPHUFXULR LQKLEHSUiFWLFDPHQWH ODHPLVLyQGHIOXRUHVFHQFLD
GHODQWUDFHQRHQODVFRQGLFLRQHVH[SHULPHQWDOHVGHWUDEDMR

)LJXUD,PDJHQGHGRVGLVROXFLRQHVGH01$FRQL]TXLHUGD\VLQ
GHUHFKD+J,,

Nanopartículas de bohemita para la detección de mercurio en agua. 
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&RQFOXVLRQHV
(Q HVWH WUDEDMR GH LQYHVWLJDFLyQ KD VLGR SRVLEOH GHVDUUROODU XQ
VLVWHPDKtEULGRFDSD]GHGHWHFWDUPHUFXULRHQGLVROXFLyQDFXRVD3DUDHOOR
VHKDQVLQWHWL]DGRQDQRSDUWtFXODVGHQPGHGLiPHWURFRQDUTXLWHFWXUD
Q~FOHRHQYROWXUD/DVXSHUILFLHGHODVQDQRSDUWtFXODVVHKDPRGLILFDGRFRQ
SROLDPLQDV DELHUWDV VHQFLOODV FX\D VtQWHVLV QR KD LPSOLFDGR XQ JUDQ
HVIXHU]R VLQWpWLFR HQ FRPSDUDFLyQ FRQ RWUDV PROpFXODV RUJiQLFDV
VLQWHWL]DGDVSDUDODGHWHFFLyQGH+J,,
(O VLVWHPD KtEULGR 01$ TXH WLHQH XQD ~QLFD DPLQD HQ VX
HVWUXFWXUDHVHOTXHPHMRUVHQVLELOLGDGKDGHPRVWUDGRKDFLDODGHWHFFLyQ
GH +J,, FRQ XQ OtPLWH GH GHWHFFLyQ SRU GHEDMR GH OD UHJXODFLyQ
HVWDEOHFLGDSRUOD(3$
/RV HVWXGLRV VH KDQ UHDOL]DGR D  S+V GLIHUHQWHVPRVWUDQGR XQD
PD\RUHILFDFLDDS+GRQGHHOVLVWHPDKtEULGR01$KDVLGRFDSD]GH
GHWHFWDU +J,, PLHQWUDV TXH HO UHVWR GH PHWDOHV HQVD\DGRV QR KD
SURGXFLGRQLQJ~Q FDPELR HQ OD UHVSXHVWD IRWRTXtPLFD GHO TXLPLRVHQVRU
KtEULGR
6HKDSRGLGRPHGLUHOOtPLWHGHGHWHFFLyQVLHQGRHQWRGRVORVFDVRV
LQIHULRUDOOtPLWHHVWDEOHFLGRSRUOD(3$SDUDHODJXDGHFRQVXPR

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

Capítulo 6. 

%LEOLRJUDItD
>@ D 3 *UDQGMHDQ 3 :HLKH 5 ) :KLWH ) 'HEHV (QYLURQPHQWDO
5HVHDUFK    E ,2Q\LGR$51RUULV(%XQFHO&KHP
5HY
>@8QLWHG6WDWHV(QYLURQPHQWDO3URWHFWLRQ$JHQF\5RDGPDSIRU0HUFXU\
(3$+42337
>@ Inorganic mercury *HQHYD :RUOG +HDOWK 2UJDQL]DWLRQ 
(QYLURQPHQWDO+HDOWK&ULWHULD1R
>@ - 3DF\QD 6 :LOVRQ ) 6WHHQKXLVHQ ( 3DF\QD
KWWSZZZDPDSQR5HVRXUFHV+J(PLVVLRQV+J,QYHQWRU\'DWDKWPO

>@1(6HOLQ$QQX5HY(QYLURQ5HVRXU
>@D27%XWOHU-0&RRN&)+DUULQJWRQ6-+LOO-5LHXZHUWV
'/0LOHV -$QDO$W 6SHFWURP    E -/&DSHOR&
0DGXUR$00RWD8OWUDVRQ6RQRFKHPF)8ELOOXV$
$OHJULD5%DUEHUD5)DUUH0-/DJDUGD)RRG&KHP
>@6$U]KDQWVHY;/L-).DXIIPDQ$QDO&KHP
>@ D$'RPpQHFK07'RPpQHFK&DUEy(*DUFtD(VSDxD0'
6RULDQR$QDO\VWE$12QDU$7HPL]HU$QDO\VW
   F$&DEDOOHUR50DUWLQH]9/ORYHUDV ,5DWHUD -
9LGDO*DQFHGR.:XUVW$7iUUDJD30ROLQD-9HFLDQD-$P&KHP
6RFG'-LPpQH]50DUWtQH]0ixH])6DQFHQyQ
-6RWR7HWUDKHGURQ/HWW
>@<)/L&<&KHQ%/L-6XQ-;:DQJ<;*DR</=KDR
=)&KDL-$QDO$W6SHFWURP
>@D7/.DR&&:DQJ<73DQ<-6KLDR-<<HQ&/
6KX*+/HH603HQJ:6&KXQJ-2UJ&KHP
E50DUWtQH]$(VSLQRVD$7iUUDJD30ROLQD2UJ/HWW


Nanopartículas de bohemita para la detección de mercurio en agua. 


>@0/35HGG\7)UDQFLV6ROYHQW([WU,RQ([FK
>@0/+HOP*3+HOWRQ'*9DQ'HUYHHU* -*UDQW ,QRUJ
&KHP
>@-$UDJy$%HQFLQL$%LDQFKL$'RPpQHFK(*DUFtD(VSDxD
-&KHP6RF'DOWRQ7UDQV
>@$3GH6LOYD+41*XQDUDWQH7*XQQODXJVVRQ$-0+X[OH\
&30F&R\-75DGHPDFKHU7(5LFH&KHP5HY
>@ D0 7 $OEHOGD - & )UtDV ( *DUFtD(VSDxD 6 9 /XLV 2UJ
%LRPRO&KHPE$%HQFLQL$%LDQFKL(*DUFtD(VSDxD
00LFKHORQL-$5DPtUH]&RRUG&KHP5HY
>@0)HUUDUL1DWXUH5HYLHZV&DQFHUE:-6WDUN35
6WRHVVHO::RKOOHEHQDQG$+DIQHU&KHP6RF5HY
F.(6DSVIRUG:5$OJDU/%HUWL.%*HPPLOO%-&DVH\(
2K0+6WHZDUW,/0HGLQW]&KHP5HY.
>@,$5DKPDQ93DGDYHWWDQ-1DQRPDWHU$UWLFOH,'
SDJHV
>@)$&RWWRQ&0XULOOR*:LONLQVRQ0%RFKPDQQ5*ULPHV
Advanced Inorganic Chemistry-RKQ:LOH\	6RQV
>@$1DNDMLPD-/XPLQ
>@ D $ %HQFLQL $ %LDQFKL ( *DUFtD(VSDxD00LFKHORQL - $
5DPtUH]&RRUG&KHP5HYE07$OEHOGD-&)UtDV
( *DUFtD(VSDxD 3URWRQ 7UDQVIHU 5HDFWLRQV (QF\FORSHGLD RI
6XSUDPROHFXODU&KHPLVWU\F%'LHWULFK0:+RVVHLQL-
0/HKQ56HVVLRQV+HOY&KLP$FWDG(*DUFtD
(VSDxD69/XLV6XSUDPRO&KHP
>@/)DEUL]]L33DOODYLFLQL/3DURGL$7DJOLHWWLTransitionMetals 
in Supramolecular Chemistry-RKQ:LOH\	6RQV/WG1HZ<RUN
>@D=;X-<RRQ'56SULQJ&KHP6RF5HYE
-)=KDQJ-6.LP$QDO6FLF$3GH6LOYD+4
1 *XQDUDWQH 7 *XQQODXJVVRQ $ -0 +X[OH\ & 30F&R\ - 7
5DGHPDFKHU7(5LFH&KHP5HY
Capítulo 6. 


>@D'60F&OXUH-&KHP3K\VE.16RORY\RY
($%RULVHYLFK($3K\V8VSHNLL$GY3K\V6FLE
&%D]]LFDOXSL$%HQFLQL(%HUQL$%LDQFKL3)RUQDVDUL&*LRUJL
% 9DOWDQFROL (XU - ,QRUJ &KHP   F < 0LNDWD :
:DNDPDWVX $ .DZDPXUD 1 <DPDQDND 6 <DQR $ 2GDQL .
0RULKLUR67DPRWVX,QRUJ&KHPG1-:LOOLDPV:
*DQ-+5HLEHQVSLHV5'+DQFRFN,QRUJ&KHP
>@506PLWKDQG$(0DUWHOO1,67Stability Constants Database
YHUVLRQ1DWLRQDO,QVWLWXWHRI6WDQGDUGVDQG7HFKQRORJ\:DVKLQJWRQ
'&
>@1*LPHQR;/L-5'XUUDQW59LODU&KHP(XU-

>@D-.&KRL*6DUJV\DQ$02OLYH0%DOD]&KHP(XU-
E':X$%'HVFDO]R):HLN)(PPHUOLQJ=6KHQ;
=<RX.5XUDFN$QJHZ&KHP,QW(GF0<XDQ<
=KX;/RX&&KHQ*:HL0/DQ -=KDR%LRVHQV%LRHOHFWURQ



 
 
 
 
 
 
 
 
 
 
1DQRSDUWtFXODVGHERKHPLWDPRGLILFDGDV
FRQFRPSOHMRVGH/Q
SURSLHGDGHVySWLFDV\HPSOHRFRPR
DJHQWHVGHFRQWUDVWH
 
 
 
 
 
 
 
 
  

Capítulo 7. 

,QWURGXFFLyQ
5HVRQDQFLDPDJQpWLFDGHLPDJHQ
/DUHVRQDQFLDPDJQpWLFDGHLPDJHQ05,SRUmagnetic resonance 
imagingHVXQDKHUUDPLHQWDGHGLDJQyVWLFRUXWLQDULDHQPHGLFLQDFOtQLFD
KR\HQGtD/DYHQWDMDPiV LPSRUWDQWHGHHVWD WpFQLFD IUHQWHDO UHVWRGH
WpFQLFDV FRPR OD WRPRJUDItD FRPSXWHUL]DGDGH UD\RV; &7SRUX-Ray 
Computer Tomography OD WRPRJUDItD FRPSXWHUL]DGD GH HPLVLyQ
PRQRIRWyQLFD 63(&7 SRU Single-Photon Emission Computed 
TomographyRODWRPRJUDItDSRUHPLVLyQGHSRVLWURQHV3(7SRUPositron 
Emission Tomography HV TXH QR HPSOHD UDGLDFLyQ GH DOWD HQHUJtD
SHUMXGLFLDO HV XQD WpFQLFD QR LQYDVLYD SRU OR TXH HO WUDWDPLHQWR QR HV
GRORURVR\ WLHQH XQD UHVROXFLyQ HVSDFLDOPX\EXHQD VH SXHGH OOHJDU DO
RUGHQGHORVVXEPLOtPHWURV3DUDPRVWUDUXQSRFRPiVODVYHQWDMDVGHHVWD
WpFQLFDIUHQWHDOUHVWRHQODWDEODVHFRPSDUDQORVGLIHUHQWHVSDUiPHWURV
GHFLVLYRVDODKRUDGHHPSOHDUXQDWpFQLFDGHGLDJQyVWLFRXRWUD
7DEOD&RPSDUDFLyQGHGLIHUHQWHVWpFQLFDVGHGLDJQyVWLFR
7pFQLFD 5HVROXFLyQ 6HQVLELOLGDG $JHQWHUHVSRQVDEOHGHODLPiJHQ
05, PP P0PP ,RQHVSDUDPDJQpWLFRV
3(7 PP S0 (PLVRUHVGHSRVLWURQHV
63(&7 PP 6XEQ0 (PLVRUHVJDPPD
&7 PP P0 <RGR%DULR

(QJHQHUDOODUHVRQDQFLDPDJQpWLFDGHLPDJHQHVXQDWpFQLFDHQOD
TXH VH DSOLFD XQ JUDGLHQWH GH FDPSR PDJQpWLFR \ XQD RQGD GH
UDGLRIUHFXHQFLD 5) SRU radio frequency D XQ VXMHWR HQ XQ FDPSR
PDJQpWLFRHVWiWLFR/D05,XWLOL]DORVHVSLQHVQXFOHDUHVGHORVKLGUyJHQRV
Nanopartículas de bohemita como agentes de contraste. 

SURWRQHV GH ODV PROpFXODV GH DJXD TXH VH HQFXHQWUDQ HQ HO FXHUSR
KXPDQR TXH VRQ SRODUL]DGRV SRU HO FDPSR PDJQpWLFR JHQHUDGR HQ HO
HTXLSR&RPRFRQVHFXHQFLDVHREWLHQHXQDLPDJHQEDVDGDHQODVVHxDOHV
GHUHVRQDQFLDPDJQpWLFDHPLWLGDVSRUORVSURWRQHVTXHVHHQFXHQWUDQHQOD
UHJLyQH[DPLQDGD
'HVGHXQSXQWRGHYLVWDPiV WpFQLFRFXDQGRVHDSOLFDXQFDPSR
PDJQpWLFR GH DOWD IUHFXHQFLD D XQD PXHVWUD R SHUVRQD ORV HVSLQHV
QXFOHDUHVGHORVSURWRQHVSUHVHQWHVHQORVWHMLGRVVHH[FLWDQ\URWDQDXQD
YHORFLGDGTXHGHSHQGHGHOFDPSRPDJQpWLFRHVWiWLFRDSOLFDGR&XDQGRHO
FDPSR DSOLFDGR DFDED ORV HVSLQHV YXHOYHQ DO HVWDGR IXQGDPHQWDO
LQWHUDFFLRQDQGRFRQHOPHGLRTXHORVURGHDDWUDYpVGHXQSURFHVROODPDGR
UHODMDFLyQ(OWLHPSRQHFHVDULRSDUDFRPSOHWDUHVHSURFHVRVHFRQRFHFRPR
WLHPSRGHUHODMDFLyQ\HVHOSULQFLSDOSDUiPHWURTXHVHHPSOHDDODKRUDGH
SURGXFLU ODV LPiJHQHV GH 05, 6H SXHGHQ GLIHUHQFLDU GRV WLHPSRV GH
UHODMDFLyQORQJLWXGLQDOT1\WUDQVYHUVDOT2
x T1 (Q XQ H[SHULPHQWR FRQYHQFLRQDO GH UHVRQDQFLDPDJQpWLFD VH
DSOLFDQSXOVRV5)DORVSURWRQHVFRQXQWLHPSRGHUHWDUGRHQWUHORV
SXOVRV(O WLHPSRTXHHPSOHDQ ORVSURWRQHVH[FLWDGRVHQFHGHU OD
HQHUJtD DEVRUELGD DO PHGLR VH GHILQH FRPR WLHPSR GH UHODMDFLyQ
ORQJLWXGLQDOWLHPSRGHUHODMDFLyQHVStQPHGLR
x T2 7DPELpQ SXHGH RFXUULU TXH HO SURWyQ H[FLWDGR WUDQVILHUD VX
HQHUJtDDEVRUELGDQRDOPHGLRTXHORURGHDVLQRDXQSURWyQTXHVH
HQFXHQWUHFHUFDQRHQHOHVSDFLR(OWLHPSRHPSOHDGRHQFHGHUHVD
HQHUJtDVHGHILQHFRPRWLHPSRGHUHODMDFLyQWUDQVYHUVDOWLHPSRGH
UHODMDFLyQHVStQHVStQ
&XDQGR VH XWLOL]D OD WpFQLFD GH 05, OR TXH VH REVHUYD VRQ ORV
iWRPRV GH KLGUyJHQR SURYHQLHQWHV GH ODV PROpFXODV GH DJXD TXH VH
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HQFXHQWUDHQORVWHMLGRV0HGLDQWHHOHPSOHRGHGLIHUHQWHVVHFXHQFLDVGH
SXOVRVGHUDGLRIUHFXHQFLD\GHSHQGLHQGRGHOWLSRGHWHMLGRGHODGHQVLGDG
GHDJXD\GHOPHGLRVHSXHGHQHQFRQWUDUGLIHUHQFLDVHQODVLPiJHQHVGH
UHVRQDQFLDDOPHGLUORVWLHPSRVGHUHODMDFLyQT1\T2ILJXUD
6LQHPEDUJRHOFRQWUDVWHTXHVHSXHGHHQFRQWUDUHQWUHGRVWHMLGRV
PHGLDQWHHVWDWpFQLFDQRHVVXILFLHQWHSDUDHOGLDJQyVWLFRGHHQIHUPHGDGHV
HO FDPELR EULOORRVFXULGDG SUHVHQWH HQ ODV LPiJHQHV 3RU WDQWR OD
LQWURGXFFLyQGHVXVWDQFLDVH[WHUQDVTXHSXHGDQPHMRUDUODVLPiJHQHVGH
UHVRQDQFLD HVQHFHVDULD(VWDV VXVWDQFLDV VH OODPDQDJHQWHVGHFRQWUDVWH
&$ SRU contrast agent \ VX IXQFLyQ HV GLVPLQXLU ORV WLHPSRV GH
UHODMDFLyQT1\T2

)LJXUD,PiJHQHVGHUHVRQDQFLDPDJQpWLFDGHLPDJHQGHDXQDVHFFLyQGHO
FHUHEUREPHGLGDUHVSHFWRDT1\FPHGLGDUHVSHFWRDT2,PDJHQWRPDGDGHOD
UHIHUHQFLD
/DV VXVWDQFLDV TXH SXHGHQ DFWXDU FRPR DJHQWHV GH FRQWUDVWH VH
SXHGHQ DJUXSDU HQ SDUDPDJQpWLFDV VXSHUSDUDPDJQpWLFDV R
IHUURPDJQpWLFDV6HSXHGHQGLVWLQJXLUGRVIDPLOLDVGH&$VSULQFLSDOPHQWH
TXHVHFDUDFWHUL]DQSRUHOWLHPSRGHUHODMDFLyQPDJQpWLFRDOTXHDIHFWDQ
3RUXQODGRVHWLHQHQORVDJHQWHVGHFRQWUDVWHGHWLSRT1RSDUDPDJQpWLFRV
GRQGHVHREVHUYDXQFRQWUDVWHSRVLWLYRRORTXHHVORPLVPRXQDXPHQWR
HQ OD OXPLQRVLGDGGHO WHMLGRREVHUYDGR(QHO ODGRRSXHVWRDSDUHFHQORV
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
DJHQWHVGHFRQWUDVWHGHWLSRT2RVXSHUSDUDPDJQpWLFRVGRQGHHOHIHFWRHV
HOFRQWUDULR(O&$SURYRFDXQDGLVPLQXFLyQORFDOGHODVHxDOGHOSURWyQ
ORTXHVHWUDGXFHHQXQRVFXUHFLPLHQWRGHORVWHMLGRV+LVWyULFDPHQWHOD
TXtPLFDGHORVT1&$VVHKDGHVDUUROODGRHQPD\RUPHGLGDTXHORV&$TXH
DIHFWDQDOT2GHELGRDTXHHO WLHPSRGHUHODMDFLyQT1GHGLVROXFLRQHVGH
DJXD GLDPDJQpWLFDV HV DOUHGHGRU GH FLQFR YHFHVPD\RU TXHT2 \ SRU OR
WDQWR HV PiV VHQFLOOR SURYRFDU XQD GLVPLQXFLyQ HQ HO T1 PHGLDQWH XQ
DJHQWHH[WHUQ
x (QODILJXUDVHPXHVWUDXQHMHPSORGHOHIHFWRTXHWLHQHXQDJHQWH
GHFRQWUDVWHSRVLWLYR(OXVRGHXQFRPSOHMRGHJDGROLQLRDXPHQWDHO
EULOORGHOD]RQDDIHFWDGD
x (Q OD ILJXUD  VHPXHVWUD HO RVFXUHFLPLHQWR GH OD ]RQD DIHFWDGD
FXDQGRVHHPSOHDXQDJHQWHGHFRQWUDVWHTXHPRGLILFDHOWLHPSRGH
UHODMDFLyQT2

)LJXUD(IHFWRGHXQDJHQWHGHFRQWUDVWHGHWLSRT1HQODYLVXDOL]DFLyQGHXQD
OHVLyQHQHOFHUHEURDVLQFRQWUDVWH\EFRQFRQWUDVWH,PDJHQWRPDGDGHOD
UHIHUHQFLD
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
)LJXUH(IHFWRGHXQDJHQWHGHFRQWUDVWHGHWLSRT2HQODYLVXDOL]DFLyQGHXQD
OHVLyQHQHOFHUHEUR'VLQFRQWUDVWH\(FRQFRQWUDVWH

$JHQWHVGHFRQWUDVWHEDVDGRVHQFRPSOHMRVGH*G,,,
/RV DJHQWHV GH FRQWUDVWH EDVDGRV HQ ORV LRQHV SDUDPDJQpWLFRV
0Q,,0Q,,,)H,,,\&X,,KDQVLGRHPSOHDGRVSDUDPRGLILFDUT16LQ
HPEDUJRORVFRPSOHMRVGH*G,,,VRQGHOHMRVORVPiVHPSOHDGRVFRPR
DJHQWHV GH FRQWUDVWH HQ OD SUiFWLFD FOtQLFD SRU ODV FDUDFWHUtVWLFDV TXH
SUHVHQWDHVWHFDWLyQ(O*G,,,WLHQHVLHWHHOHFWURQHVGHVDSDUHDGRVORTXH
OHFRQYLHUWHHQHOLRQFRQXQRGHORVPD\RUHVJUDGRVGHSDUDPDJQHWLVPR
$GHPiVWLHQHXQDUHODMDFLyQHOHFWUyQLFDOHQWDORTXHSURYRFDXQDXPHQWR
GHODUHODMDFLyQGHORVSURWRQHVTXHVHHQFXHQWUDQDVXDOUHGHGRU
$XQTXH ODV FDUDFWHUtVWLFDV HOHFWUyQLFDV KDFHQGHO*G,,, XQEXHQ
FDQGLGDWRSDUDDFWXDUFRPR&$VXDGPLQLVWUDFLyQDRUJDQLVPRVYLYRVQR
VHSXHGHOOHYDUDFDERVLVHHQFXHQWUDHQVXIRUPDOLEUH\DTXHLQGXFHXQ
DOWR JUDGR GH WR[LFLGDG EORTXHD ORV FDQDOHV GH FDOFLR GHELGR D TXH HO
*G,,, WLHQH XQ WDPDxR VLPLODU DO &D,, \ SXHGH DIHFWDU DO EXHQ
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
IXQFLRQDPLHQWR GH DOJXQRV HQ]LPDV DO SURYRFDU OD WUDQVPHWDODFLyQ FRQ
RWURV LRQHV PHWiOLFRV $GHPiV HO FDWLyQ *G,,, SXHGH IRUPDU
KLGUR[RFRPSOHMRV\SUHFLSLWDUDS+ILVLROyJLFR6HHVWLPDTXHORVYDORUHV
GH /' SDUD HO *G,,, VH HQFXHQWUDQ GHQWUR GHO LQWHUYDOR GH 
PPRONJ 3RU HOOR HV PX\ LPSRUWDQWH HO GHVDUUROOR GH OLJDQGRV
PXOWLGHQWDGRV SRU HM ODVPROpFXODVGH WLSRSROLDPLQRFDUER[LODWRV TXH
VHDQ FDSDFHV GH FRPSOHMDU HO FDWLyQ GHPDQHUDPX\ HVWDEOH SDUDSRGHU
OOHYDUDFDERVXXVRHQWHUDSLDVin vivo
&RPRVHKDFRPHQWDGRDQWHULRUPHQWHODHILFDFLDGHXQDJHQWHGH
FRQWUDVWHSDUDPDJQpWLFRVHEDVDHQVXFDSDFLGDGGHDFRUWDURGLVPLQXLUHO
WLHPSRGHUHODMDFLyQT1GHORVSURWRQHVGHODJXDSUHVHQWHVHQXQWHMLGR'H
DFXHUGR FRQ OD WHRUtD HVWDEOHFLGD SRU 6RORPRQ%ORHPEHUJHQ0RUJDQ
6%0 \ VX GHVDUUROOR SRVWHULRU GHQRPLQDGD GH IRUPD JHQHUDO FRPR
*6%0VHSXHGHGHILQLUXQDYHORFLGDGGHUHODMDFLyQORQJLWXGLQDOR1FRPR
OD LQYHUVD GHO WLHPSR GH UHODMDFLyQ FRUUHVSRQGLHQWH (R1   T1 \ HV
IXQFLyQGHODYHORFLGDGGLDPDJQpWLFDRd\SDUDPDJQpWLFDRtHFXDFLyQ
ଵ
భ்
ൌ ଵ்೏ ൅
ଵ
೛்
Rܴଵ ൌ ܴௗ ൅ ܴ௣    HF
&XDQGRQLQJXQDVXVWDQFLDSDUDPDJQpWLFDVHHQFXHQWUDSUHVHQWHHQ
OD GLVROXFLyQ OD YHORFLGDG GH UHODMDFLyQ JOREDO TXH VH REVHUYD HV OD
FRUUHVSRQGLHQWH D OD YHORFLGDG GH UHODMDFLyQ GLDPDJQpWLFD &XDQGR XQ
FRPSOHMRGH*G,,,VHDxDGHDODGLVROXFLyQVHSURGXFHXQDXPHQWRGHOD
YHORFLGDGGHUHODMDFLyQGHELGRDODSUHVHQFLDGHOFRPSOHMRSDUDPDJQpWLFR
DGLFLRQDGR \ HO DXPHQWR REVHUYDGR HV GLUHFWDPHQWH SURSRUFLRQDO D OD
FRQFHQWUDFLyQGH*G,,,SUHVHQWHHFXDFLyQ
@*G,,>  rRR d       HF
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$ SDUWLU GH HVWD HFXDFLyQ HV SRVLEOH REWHQHU HO WpUPLQR r HQ
P0V OODPDGR UHODMDWLYLGDG (VWH SDUiPHWUR KDFH UHIHUHQFLD D OD
KDELOLGDGTXHWLHQHHOFRPSOHMRSDUDPDJQpWLFRGHDXPHQWDUODYHORFLGDG
GHUHODMDFLyQGHORVSURWRQHVGHODJXDTXHVHHQFXHQWUDQDVXDOUHGHGRU3RU
ORWDQWRFXDQWRPD\RUHVODUHODMDWLYLGDGTXHSXHGHLQGXFLUHO&$PD\RU
HVODYHORFLGDGGHUHODMDFLyQ\SRUORWDQWRPHQRUHVHOWLHPSRGHUHODMDFLyQ
REVHUYDGRORTXHVHWUDGXFHHQXQPHMRUDJHQWHGHFRQWUDVWH
'HVGHXQSXQWRGHYLVWDItVLFRTXtPLFRrSXHGHYHUVHDIHFWDGRSRU
GLIHUHQWHV SDUiPHWURV (Q OD ILJXUD  VH KDQ UHSUHVHQWDGR DTXHOORV
IDFWRUHVTXHYDQDLQIOXLUHQHOHQWRUQRTXtPLFRGHOFDWLyQSDUDPDJQpWLFR
\TXHHQFLHUWDPHGLGDSXHGHQ VHUPRGLILFDGRVHQ OD HWDSDGHGLVHxR\
VtQWHVLVGHORVVLVWHPDVTXHFRPSOHMDUiQDOFDWLyQSDUDPDJQpWLFR
x q KDFH UHIHUHQFLD DO Q~PHUR GHPROpFXODV GH DJXD SUHVHQWHV HQ OD
HVIHUDLQWHUQDTXHVHHQFXHQWUDQGLUHFWDPHQWHFRRUGLQDGDVDOFDWLyQ
*G,,,8QDXPHQWRGHqVHWUDGXFHHQXQDXPHQWRGHODUHODMDWLYLGDG
\DTXHKD\XQPD\RUQ~PHURGHSURWRQHVHQFRQWDFWRFRQHOFDWLyQ
SDUDPDJQpWLFR 6LQ HPEDUJR HO Q~PHUR Pi[LPR GH PROpFXODV GH
DJXD FRRUGLQDGDV HV WUHV \D TXH XQ PD\RU Q~PHUR LPSOLFD XQD
GLVPLQXFLyQGHODHVWDELOLGDGGHOFRPSOHMR\SRUWDQWRXQDXPHQWRGH
ODWR[LFLGDGGHELGRDODOLEHUDFLyQGH*G,,,
x WMKDFHUHIHUHQFLDDOWLHPSRGHYLGDPHGLDTXHODVPROpFXODVGHDJXD
SHUPDQHFHQHQODHVIHUDGHFRRUGLQDFLyQLQWHUQDGHOFHQWURPHWiOLFR
8QDGLVPLQXFLyQGHWM SHUPLWHTXHXQPD\RUQ~PHURGHPROpFXODV
GHDJXDHQWUHQHQFRQWDFWRFRQHO*G,,,\SRUORWDQWRODUHODMDWLYLGDG
DXPHQWD 6LQ HPEDUJR VL HO WpUPLQR WM GLVPLQX\H GHPDVLDGR OD
UHODMDWLYLGDGWDPELpQORKDUi\DTXHORVSURWRQHVGHODVPROpFXODVGH
Nanopartículas de bohemita como agentes de contraste. 

DJXDQRHVWDUiQHOWLHPSRVXILFLHQWHFRRUGLQDGDVDO*G,,,SDUDTXH
VXUHODMDFLyQIUHQWHDXQFDPSRPDJQpWLFRVHYHDLQIOXHQFLDGD
x WRKDFHUHIHUHQFLDDOWLHPSRGHYLGDPHGLDGHURWDFLyQPROHFXODUGHO
FRPSOHMR8Q WLHPSRGHYLGD ODUJRVH WUDGXFHHQXQDXPHQWRGH OD
UHODMDWLYLGDG
x T1eKDFHUHIHUHQFLDDOWLHPSRGHUHODMDFLyQORQJLWXGLQDOGHVSLQGHOLyQ
PHWiOLFR([LVWHXQDLQWHUGHSHQGHQFLDHQWUHORVSDUiPHWURVWRWM\
T1eGHPDQHUDTXHSDUDORVFRPSOHMRVGH*G,,,GHSHTXHxRWDPDxR
WRHVODYDULDEOHOLPLWDQWHGHODVWUHV
x rGdHKDFHUHIHUHQFLDDODGLVWDQFLDHIHFWLYDHQWUHODPROpFXODGHDJXD
\HOVSLQHOHFWUyQLFRGHO*G,,,8QDGLVPLQXFLyQGHHVWHSDUiPHWUR
VHWUDGXFHHQXQDXPHQWRGHODUHODMDWLYLGDG
x qss \ WMss KDFHQ UHIHUHQFLD D OD LQWHUDFFLyQ GHO FRPSOHMR FRQ ODV
PROpFXODVGHDJXDVLWXDGDVHQODVHJXQGDHVIHUDGHFRRUGLQDFLyQ\HQ
HVIHUDVPiVH[WHUQDVHVGHFLUHOQ~PHURGHKLGUDWDFLyQGHOFRPSOHMR
\ HO WLHPSR PHGLR GH UHVLGHQFLD GH HVDV PROpFXODV GH DJXD
UHVSHFWLYDPHQWH
(VWRVSDUiPHWURVVHSXHGHQRSWLPL]DU\VHKDFRPSUREDGRTXHXQGLVHxR
UDFLRQDO GH ORV OLJDQGRV LQIOX\H GH PDQHUD QRWDEOH VREUH q WM \ WR
IXQGDPHQWDOPHQWH
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
)LJXUD0RGHORTXHPXHVWUDORVSULQFLSDOHVSDUiPHWURVTXHVHSXHGHQ
PRGLILFDUDODKRUDGHGLVHxDUXQDJHQWHGHFRQWUDVWHEDVDGRHQ*G,,,

/DQWiQLGRV
(OWpUPLQRODQWiQLGRVRODQWDQRLGHVVHUHILHUHGHPDQHUDJHQHUDOD
ORV HOHPHQWRVGH OD VHULH GHO EORTXH f GHVGH HO ODQWDQR DO OXWHFLR(Q OD
QDWXUDOH]DVHSXHGHQHQFRQWUDUFDVLGHPDQHUDH[FOXVLYDHQXQHVWDGRGH
R[LGDFLyQ WULYDOHQWH \ VX LPSRUWDQFLD UDGLFD IXQGDPHQWDOPHQWH HQ VXV
SURSLHGDGHVOXPLQLVFHQWHVTXHKDFHQTXHVXXVRHQVRQGDVELROyJLFDVHVWp
DPSOLDPHQWHGHVDUUROODGR
$XQTXHWRGRVORVLRQHV/Q,,,VRQOXPLQLVFHQWHVDH[FHSFLyQGHO
/D\HO/XQRWRGRVSXHGHQVHUFDQGLGDWRVSDUDHOGHVDUUROORGHVRQGDV
ySWLFDV(VQHFHVDULRTXHODVHSDUDFLyQJDSHQHUJpWLFDHQWUHHOHVWDGR
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
IXQGDPHQWDO\HOSULPHUHVWDGRH[FLWDGRVHDORVXILFLHQWHPHQWHJUDQGHSDUD
PD[LPL]DU HO SURFHVR GH OXPLQLVFHQFLD IUHQWH D RWURV SURFHVRV GH
UHODMDFLyQQRUDGLDWLYRV(OHXURSLRHOJDGROLQLR\HOWHUELRFXPSOHQHVWH
UHTXLVLWRDOWHQHUXQDVHSDUDFLyQHQHUJpWLFDGH\FP
UHVSHFWLYDPHQWH6LQHPEDUJRDSHVDUTXHHOJDGROLQLRFXPSOHFRQHVWD
FRQGLFLyQ HPLWH HQ HO UDQJR GHO XOWUDYLROHWD SRU OR TXH QR SXHGH VHU
HPSOHDGRHQDSOLFDFLRQHVELROyJLFDV

(PLVLyQGHOHXURSLR\GHOWHUELR
(OHXURSLRHPLWHHQODUHJLyQURMDGHOHVSHFWURPLHQWUDVTXHHOWHUELR
ORKDFHHQODUHJLyQGHOYHUGHILJXUD(OHVWDGRHPLVLYRGHOLRQ(X,,,
HVXQ'\ODVSULQFLSDOHVEDQGDVODVPiVLQWHQVDVTXHVHREVHUYDQHQHO
HVSHFWURGHHPLVLyQVRQGHELGDVDODVWUDQVLFLRQHV'o)\'o)
(O 7E,,, H[SHULPHQWD OD GHVDFWLYDFLyQ GHVGH XQ HVWDGR H[FLWDGR '
GDQGROXJDUDFXDWUREDQGDVGHHPLVLyQGHODVFXDOHVODVPiVLQWHQVDVVRQ
ODVWUDQVLFLRQHV'o)\'o)(QODWDEODVHUHFRJHQWRGDV
WUDQVLFLRQHV SRVLEOHV GH DPERV LRQHV WULYDOHQWHV FRQ VXV FDUDFWHUtVWLFDV
HVSHFWUDOHV


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
)LJXUD'LDJUDPDVSDUFLDOHVGHQLYHOHVHQHUJpWLFRV\HVSHFWURVGHHPLVLyQ
WtSLFRVGH(X,,,$\7E,,,%



 
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7DEOD%DQGDVGHHPLVLyQFDUDFWHUtVWLFDVGHORVLRQHV(X,,,\7E,,,

7DQVLFLyQ
5HJLyQ
HVSHFWUDO
QP
,QWHQVLGDG
UHODWLYD &RPHQWDULRV
Terbio   
'o) ± PHGLDDOWD 6HQVLELOLGDGPRGHUDGDDOHQWRUQR
o) ± DOWD 8WLOL]DGDHQVRQGDVELROyJLFDV
o) ± PHGLD 6HQVLELOLGDGPRGHUDGDDOHQWRUQR
o) ± PHGLDEDMD 6HDSUHFLDFLHUWDHVWUXFWXUDPHGLGDHQDOWDUHVROXFLyQ
o)  EDMD 'HPDVLDGRGpELO
   
Europio   
'o) ± EDMD $SDUHFHFRPRXQDEDQGDDQFKD
o) ± DOWD
(QFRQGLFLRQHVGHDOWD
UHVROXFLyQVHREVHUYDQKDVWDWUHV
WUDQVLFLRQHV
o) ± DOWD $OWDVHQVLELOLGDGDOHQWRUQR
o) ± PX\EDMD 0X\GpELOHQFXDOTXLHUFRQGLFLyQ
o)  PHGLD ,QWHQVLGDG\HVWUXFWXUDPX\VHQVLEOHDOHQWRUQR



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6LVWHPDVKtEULGRVHPSOHDGRVFRPRDJHQWHVGHFRQWUDVWH\VRQGDV
OXPLQLVFHQWHV
0XFKRVGHORVDJHQWHVGHFRQWUDVWHFRPHUFLDOHVTXHVHHQFXHQWUDQ
GLVSRQLEOHV KR\ HQ GtD VH EDVDQ HQ FRPSOHMRV FRQPROpFXODV RUJiQLFDV
OLEUHV'RWDUHP3UR+DQFH0DJQHYLVW2PQLVFDQ6LQHPEDUJR
HO WUHPHQGR GHVDUUROOR TXH KD H[SHULPHQWDGR OD QDQRWHFQRORJtD HQ ODV
~OWLPDV GpFDGDV KD SURSLFLDGR HO GHVDUUROOR GH QXHYRV WLSRV GH VRQGDV
EDVDGRVHQQDQRSDUWtFXODV<DKHPRVFRPHQWDGRGHPDQHUDPiVH[WHQVD
HQRWURVFDStWXORVGHODSUHVHQWHWHVLVGRFWRUDOTXHODVSURSLHGDGHVItVLFDV
\ TXtPLFDV TXH WLHQHQ ODV QDQRSDUWtFXODV GHELGR D VX WDPDxR \ D OD
QDWXUDOH]DGH VXFRPSRVLFLyQKDQSURSLFLDGRVXXVRHQHOGHVDUUROORGH
VRQGDVGH UHFRQRFLPLHQWR\DGHPiV VHKDQXWLOL]DGRDPSOLDPHQWHHQ OD
VtQWHVLVGHXQDQXHYDJHQHUDFLyQGHDJHQWHVGHFRQWUDVWH
8QDGHODVYHQWDMDVPiVLPSRUWDQWHVTXHRIUHFHQODVQDQRSDUWtFXODV
HVVXHOHYDGDVXSHUILFLHHVSHFtILFDTXHDXPHQWDODUHDFWLYLGDGTXtPLFDGHO
PDWHULDOSRUORTXHHVSRVLEOHPRGLILFDUODVXSHUILFLHFRQRWUDVVXVWDQFLDV
TXH H[KLEHQ RWUD FODVH GH SURSLHGDGHV $GHPiV HO HPSOHR GH
QDQRSDUWtFXODV FRPR SODWDIRUPDV GH DJHQWHV GH FRQWUDVWH SHUPLWH OD
PRGLILFDFLyQGHORVSDUiPHWURVTXHDIHFWDQDOYDORUILQDOGHODUHODMDWLYLGDG
\ SRU OR WDQWR D OD HIHFWLYLGDG GHO VLVWHPD KtEULGR FRPR DJHQWH GH
FRQWUDVWH
([LVWHQ GRV PROpFXODV RUJiQLFDV TXH KDQ VLGR XWLOL]DGDV
DPSOLDPHQWHHQHOGHVDUUROORGH&$VEDVDGRVHQ*G,,,GHDFXHUGRFRQOD
OLWHUDWXUD8QDGHHOODVHVHOiFLGRGLHWLOHQWULDPLQRSHQWDDFpWLFR'73$
\ OD RWUD HO iFLGR WHWUD]DFLFORGRGHFDQRWHWUDDFpWLFR '27$
HVTXHPD
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
(VTXHPD(VWUXFWXUDVRUJiQLFDVGHORVOLJDQGRV'73$\'27$
(O '73$ FRQVLVWH HQ XQD FDGHQD SROLDPtQLFD TXH DFW~D FRPR
HVTXHOHWR HQ HO TXH VH ORFDOL]DQ FLQFR JUXSRV DFHWDWR +D\ FXDWUR
GLDVWHUHRLVyPHURVSRVLEOHVGHOOLJDQGRELVDPLGD'73$cistranssyn\
anti GHELGR D OD IOH[LELOLGDG TXH SUHVHQWD VX HVWUXFWXUD &DGD
GLDVWHUHRLVyPHURH[LVWHHQGRVIRUPDVHQDQWLRPpULFDVSRUORTXHH[LVWHQ
RFKRSRVLEOHVLVyPHURVGHFRRUGLQDFLyQ(O'27$HVXQPDFURFLFORGH
GRFH PLHPEURV TXH SUHVHQWD FXDWUR FDGHQDV ODWHUDOHV GH WLSR DFHWDWR
&XDQGRVHIRUPDHOFRPSOHMRFRQ*G,,,pVWHWLHQHXQDFDUJDIRUPDOGH
\ODHVWDELOLGDGGHOFRPSOHMRWDQWRFLQpWLFDFRPRWHUPRGLQiPLFDHVDOJR
PD\RU DO FRPSOHMR GH *G'73$ GHELGR D OD SUHRUJDQL]DFLyQ TXH HO
PDFURFLFOR SURSRUFLRQD (VWD FODVH GH OLJDQGRV PXOWLGHQWDGRV
PDFURFtFOLFRVSXHGHQHVWDELOL]DUDOLRQ*G,,,HQPD\RUPHGLGDGHELGRD
TXH GLVPLQX\HQ OD HQWURStD SRU XQ HIHFWR TXHODWR HQ FRPSDUDFLyQ FRQ
OLJDQGRVGHWLSRPRQRGHQWDGR
'DGR TXH OD TXtPLFD \ HO XVR FRPR DJHQWHV GH FRQWUDVWH GH ORV
FRPSOHMRVGH*G,,,FRQHVWDVGRVPROpFXODVHVDPSOLDPHQWHFRQRFLGD
XQRGHORVREMHWLYRVGHODSUHVHQWHWHVLVGRFWRUDOKDVLGRODPRGLILFDFLyQ
GHHVWRVVLVWHPDVFRQHOILQGHPHMRUDUORVYDORUHVGHODUHODMDWLYLGDGr
1
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3DUDHOORVHKDGHFLGLGRDQFODUHVWDVPROpFXODVD ODVXSHUILFLHGH
QDQRSDUWtFXODV GH ERKHPLWD LQGLFDGD HQ ORV QRPEUHV GH ORV VLVWHPDV
KtEULGRV VLQWHWL]DGRV FRPR%\ HVWXGLDU VXYLDELOLGDG FRPRDJHQWHVGH
FRQWUDVWH0HGLDQWHHVWDHVWUDWHJLDVHSXHGHFRQFHQWUDUXQDJUDQFDQWLGDG
GH FRPSOHMRV GH *G,,, HQ XQD ~QLFD QDQRSDUWtFXOD \ GHELGR DO JUDQ
WDPDxRGHODQDQRSDUWtFXODHQFRPSDUDFLyQFRQHOFRPSOHMROLEUHVHSXHGH
GLVPLQXLUODYHORFLGDGGHURWDFLyQPROHFXODUWR\DXPHQWDUSRUWDQWROD
UHODMDWLYLGDGr
(QHOHVTXHPDVHPXHVWUDODHVWUXFWXUDGHORVVLVWHPDVKtEULGRV
(QHOFDVRGHOVLVWHPDKtEULGRFRQ*G,,,'73$VHKDUHSUHVHQWDGRXQD
SRVLEOHHVWUXFWXUDGHFRRUGLQDFLyQGHOFRPSOHMR MXQWRFRQ ODVGLIHUHQWHV
FDSDV GH KLGUDWDFLyQ TXH VH IRUPDUtDQ DO GLVSHUVDU ODV QDQRSDUWtFXODV
IXQFLRQDOL]DGDVHQXQPHGLRDFXRVR

(VTXHPD(VTXHPDGHORVVLVWHPDVKtEULGRVVLQWHWL]DGRV\SRVLEOHHVWUXFWXUD
GHFRRUGLQDFLyQSDUDHOVLVWHPD*G,,,'2$ERKHPLWD
3DUD OOHYDU D FDER OD IXQFLRQDOL]DFLyQ GH ODV QDQRSDUWtFXODV GH
ERKHPLWD FRQ ODV PROpFXODV '27$ \ '73$ VH KD UHDOL]DGR DOJXQD
PRGLILFDFLyQHQVXHVWUXFWXUD(QHOFDVRGHO'27$VHKDHOLPLQDGRXQR
GH ORVJUXSRVDFHWDWR\ VHKD VXVWLWXLGRSRUXQJUXSR VLODQRSDUDSRGHU
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OOHYDU D FDER OD XQLyQ D OD VXSHUILFLH VyOLGD (Q HO FDVR GHO '73$ OD
PRGLILFDFLyQVHKDSURGXFLGRGLUHFWDPHQWHVREUHXQRGHORVJUXSRVDFHWDWR
YHUFDStWXORGHVtQWHVLV1LQJXQDGHHVWDVPRGLILFDFLRQHVKDFDXVDGRXQD
GLVPLQXFLyQ HQ OD HVWDELOLGDG WHUPRGLQiPLFD GH ORV FRPSOHMRV FRPR VH
GHPRVWUDUiPiVDGHODQWH

&DUDFWHUL]DFLyQGHORVFRPSOHMRVFRQ(X,,,7E,,,\*G,,,
(O *G,,, HPLWH HQ OD UHJLyQ GHO XOWUDYLROHWD 6LQ HPEDUJR VX
OXPLQLVFHQFLDVyORVHSXHGHREVHUYDUHQDXVHQFLDGHOLJDQGRVRUJiQLFRV\D
TXHpVWRVGHVDFWLYDQODHPLVLyQGHIOXRUHVFHQFLD'HELGRDODLPSRVLELOLGDG
GHUHDOL]DUHVWXGLRVIRWRTXtPLFRVFRQORVFRPSOHMRVGH*G,,,VHGHFLGLy
SUHSDUDU ORV FRPSOHMRV FRQ RWURV ODQWiQLGRV TXH PRVWUDUDQ HPLVLyQ GH
IOXRUHVFHQFLDHQHOLQIUDUURMRFHUFDQR6HHOLJLHURQORVFDWLRQHV(X,,,\
7E,,,\DTXHWLHQHQSURSLHGDGHVItVLFDV\TXtPLFDVSDUHFLGDVDO*G,,,
'DGRTXHHOFRPSRUWDPLHQWRGHORVFRPSOHMRVGHHVWRVWUHVODQWiQLGRVHV
VLPLODUORVYDORUHVREWHQLGRVGHqSDUDHO(X,,,\HO7E,,,VHDFHSWDQ
SDUDORVFRPSOHMRVDQiORJRVGH*G,,,$GHPiVORVUHVXOWDGRVREWHQLGRV
D SDUWLU GH ORV FRPSOHMRV GH (X,,, \ 7E,,, SHUPLWLUiQ VX HYDOXDFLyQ
FRPR SRVLEOHV VRQGDV ELROyJLFDV OXPLQLVFHQWHV 8QD YH] VLQWHWL]DGRV \
FDUDFWHUL]DGRV ORV VLVWHPDVKtEULGRV%'73$\%'2$VHSUHSDUDURQ
ORVFRPSOHMRVFRQORVODQWiQLGRV(X,,,7E,,,\*G,,,
3DUDFRPSUREDU OD IRUPDFLyQGH ORVFRPSOHMRVVH OOHYDURQDFDER
PHGLGDVGHHVSHFWURPHWUtDSRUGLVSHUVLyQGHHQHUJtDVGHUD\RV;(';
SRU Energy-dispersive X-ray spectroscopyTXHQRVSHUPLWHQFRQRFHU OD
FRPSRVLFLyQTXtPLFDGHODVQDQRSDUWtFXODVIXQFLRQDOL]DGDV(QODILJXUD
VHPXHVWUDQORVUHVXOWDGRVSDUDHOVLVWHPDKtEULGR%/Q,,,'2$(Q
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HOHVSHFWURVHSXHGHQYHUORVUD\RV;GHWLSR/D\0FDUDFWHUtVWLFRVGHORV
LRQHV/Q,,, HVWXGLDGRV YHUFDStWXORSDUD LQIRUPDFLyQDGLFLRQDO(Q
WRGRVORVFDVRVWDQWRSDUDORVVLVWHPDV%/Q,,,'2$FRPRSDUDORV%
/Q,,,'73$ODUHODFLyQDWyPLFDHQWUH6L/Q,,,HVLJXDORPX\FHUFDQD
DODXQLGDGORTXHGHPXHVWUDTXHWRGDVODVPROpFXODVGH'2$\'73$VH
HQFXHQWUDQFRRUGLQDQGRDXQFDWLyQ/Q,,,

)LJXUD(VSHFWURGH(';GHORVVLVWHPDVKtEULGRV%/Q,,,'2$
'HVSXpV GH FRPSUREDU OD IRUPDFLyQ GH ORV FRPSOHMRV ODV
QDQRSDUWtFXODVVHYROYLHURQDFDUDFWHUL]DUPHGLDQWHGLIUDFFLyQGHUD\RV;
;5' SRU powder X-ray diffraction \ PLFURVFRStD HOHFWUyQLFD GH
WUDQVPLVLyQ 7(0 SRU Transmission electronic microscopy SDUD
DVHJXUDUVH TXH HO SURFHVR GH FRPSOHMDFLyQ FRQ ORV ODQWiQLGRV QR KDEtD
PRGLILFDGR OD HVWUXFWXUD FULVWDOLQD QL OD IRUPD R WDPDxR GH ODV
QDQRSDUWtFXODV(Q OD ILJXUD VHPXHVWUDQ ORVHVSHFWURVGH;5'SDUD
WRGRVORVFRPSOHMRVGHORVVLVWHPDVKtEULGRVHVWXGLDGRV6HSXHGHREVHUYDU
OD SUHVHQFLD GH ORV SLFRV FDUDFWHUtVWLFRV GH OD HVWUXFWXUD FULVWDOLQD GH OD
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ERKHPLWDSRUORTXHODIRUPDFLyQGHORVFRPSOHMRVQRKDPRGLILFDGROD
PDWUL]GHORVVyOLGRV$GHPiVODDQFKXUDGHODVVHxDOHVFRQILUPDTXHHO
WDPDxR GH ODV QDQRSDUWtFXODV HV SHTXHxR FRPR VH SXHGH YHU HQ ODV
LPiJHQHVGH7(0ILJXUD
 
)LJXUD(VSHFWURVGH;5'GH%/Q,,,'2$$\%/Q,,,'73$%
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(QODVLPiJHQHVGHPLFURVFRStDVHREVHUYDTXHQRVHKDSURGXFLGR
YDULDFLyQQLHQODIRUPDQLHQHOWDPDxRUHVSHFWRGHODVQDQRSDUWtFXODVVLQ
IXQFLRQDOL]DU FDStWXOR  &RPR VH SXHGH YHU HQ ODV LPiJHQHV OD
IXQFLRQDOL]DFLyQGHODVXSHUILFLHDVtFRPRODFRPSOHMDFLyQFRQORV/Q,,,
QRKDDIHFWDGRDODGLVSHUVLyQGHODVPXHVWUDV\DTXHVHVLJXHQREWHQLHQGR
GLVSHUVLRQHVFRORLGDOHVVLQIRUPDFLyQGHDJUHJDGRV

)LJXUD,PiJHQHVGH7(0GHDOJXQRGHORVVLVWHPDVKtEULGRVHVWXGLDGRV
EDUUDGHQP
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$SDUWLUGHOGLiPHWURPHGLRGH ODVQDQRSDUWtFXODVIXQFLRQDOL]DGDV
QPSDUDHOVLVWHPD%/Q,,,'2$\QPSDUDHO%/Q,,,'73$
MXQWR FRQ ORV UHVXOWDGRVREWHQLGRVGHO(';\GHO DQiOLVLV HOHPHQWDO VH
SXHGHFDOFXODUHOQ~PHURGHLRQHVODQWiQLGRSRUQDQRSDUWtFXOD(QHOFDVR
GH ODV QDQRSDUWtFXODV IXQFLRQDOL]DGDV FRQ '2$ OD FDUJD LyQLFD VH
HQFXHQWUD HQ HO UDQJR GH  LRQHV PLHQWUDV TXH SDUD ODV
QDQRSDUWtFXODV IXQFLRQDOL]DGDV FRQ'73$ OD FDUJD HV GH HQWUH 
FDWLRQHVGH/Q,,,
3RU ~OWLPR VHPLGLHURQ ORV HVSHFWURV GH IOXRUHVFHQFLD SDUD YHU OD
HPLVLyQGHORVFRPSOHMRVGH(X,,,\7E,,,(QODILJXUDVHPXHVWUDQ
ORV UHVXOWDGRV REWHQLGRV SDUD ORV FRPSOHMRV IRUPDGRV FRQ'2$FRPR
XQLGDGUHFHSWRUDMXQWRFRQORVHVSHFWURVGHODVFRUUHVSRQGLHQWHVVDOHV(O
FRPSOHMR FRQ (X,,, PXHVWUD ODV WtSLFDV WUDQVLFLRQHV GHVGH HO HVWDGR
H[FLWDGR'DOHVWDGRIXQGDPHQWDO)-VLHQGR- GHVWDFDQGR
ODWUDQVLFLyQFRQ'- (VWDEDQGDHVLPSRUWDQWH\DTXHHVSDUWLFXODUPHQWH
VHQVLEOHDOHQWRUQRTXtPLFRGHOODQWiQLGR/RVVLVWHPDVHQORVTXHVHKDQ
IRUPDGR ORV FRPSOHMRV FRQ 7E,,, PXHVWUDQ ODV FXDWUR EDQGDV
UHSUHVHQWDWLYDV GH OD OXPLQLVFHQFLD GHO ODQWiQLGR DVRFLDGDV D ODV
WUDQVLFLRQHVGHVGHHOHVWDGRH[FLWDGR'DOHVWDGRIXQGDPHQWDO)-VLHQGR
- 
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
)LJXUD(VSHFWURVGHHPLVLyQGHORVFRPSOHMRV%(X,,,'2$$\
%7E,,,'2$%MXQWRFRQVXVFRUUHVSRQGLHQWHVVDOHVHQDJXD
OH[F(X QP\OH[F7E QP
$O DQDOL]DU OD LQWHQVLGDG UHODWLYD GH ODV EDQGDV OD UHODFLyQ HQWUH
'- '- SDUDHOVLVWHPD%/Q,,,'2$HVLQXVXDOPHQWHDOWDORTXH
SRGUtD LQGLFDU OD IRUPDFLyQ GH XQ FRPSOHMRPL[WR FRQ FDUERQDWR 3DUD
DQDOL]DUHVWDSRVLELOLGDGVHUHDOL]DURQYDORUDFLRQHVGHORVVLVWHPDVKtEULGRV
FRQ1D+&2HQXQPHGLRWDPSRQDGRFRQ+(3(6S+ ILJXUD
/D YDORUDFLyQ UHDOL]DGD LQGLFD TXH HO Q~PHUR GH PROpFXODV GH DJXD
FRRUGLQDGDVDOODQWiQLGRSHUPDQHFHFRQVWDQWH\DTXHSRUXQODGRQRVH
   
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SURGXFH QLQJXQD GHVDFWLYDFLyQ GH OD HPLVLyQ GH IOXRUHVFHQFLD DO DxDGLU
FDQWLGDGHV FUHFLHQWHV GH ELFDUERQDWR \ SRU RWUR ODGR QR KD\ QLQJXQD
YDULDFLyQGH OD UHODFLyQ'-  '-  OD GLVPLQXFLyQGH OD HPLVLyQGH
IOXRUHVFHQFLDHVGHELGDDODGLOXFLyQGHODPXHVWUDGXUDQWHODYDORUDFLyQ

)LJXUD9DORUDFLyQGHOVLVWHPD%(X,,,'2$FRQ1D+&2HQ
+(3(60OH[F(X QP

&DUDFWHUL]DFLyQGHOVLVWHPD%*G,,,'2$\%*G,,,'73$
FRPRDJHQWHVGHFRQWUDVWH
&iOFXORGHq
(V SRVLEOH HVWLPDU HO Q~PHUR GH PROpFXODV GH DJXD TXH VH
HQFXHQWUDQHQODHVIHUDGHFRRUGLQDFLyQGHOODQWiQLGRPHGLDQWHODPHGLGD
GHORVWLHPSRVGHYLGDPHGLDHQ+2\'2(OFiOFXORGHHVWHSDUiPHWUR
HVLPSRUWDQWH\DTXHDGHPiVGHVHUXQIDFWRUTXHLQIOX\HHQHOYDORUILQDO
   
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GHODUHODMDWLYLGDGGHODJHQWHGHFRQWUDVWHGDLQIRUPDFLyQHVWUXFWXUDOGHO
SURSLRFRPSOHMR
(Q+RUURFNV\6XGQLFNHVWDEOHFLHURQTXHODSUHVHQFLDGH+2
HQODSULPHUDHVIHUDGHFRRUGLQDFLyQGHO(X,,,RGHO7E,,,GHVDFWLYDOD
HPLVLyQGHIOXRUHVFHQFLDGHORVODQWiQLGRVDWUDYpVGHXQPHFDQLVPRGH
WUDQVIHUHQFLDHQHUJpWLFDTXHOOHYDDODUHODMDFLyQQRUDGLDWLYDPLHQWUDVTXH
HVWHSURFHVRQRWLHQHOXJDUHQSUHVHQFLDGH'2ILJXUD

)LJXUD'LDJUDPDGHQLYHOHVHQHUJpWLFRVGHO(X,,,\GHO7E,,,MXQWRFRQ
ORVQLYHOHVYLEUDFLRQDOHVGHO+2\HO'2/DOtQHDGLVFRQWLQXDLQGLFDOD
UHODMDFLyQUDGLDWLYD\ODOtQHDRQGXODGDLQGLFDODWUDQVIHUHQFLDHQHUJpWLFD
TXHOOHYDDODUHODMDFLyQQRUDGLDWLYD
&XDQGR VH SURGXFH OD H[FLWDFLyQ GH ORV FRPSOHMRV GH (X,,, \
7E,,, HQ+2 SDUWH GH OD HQHUJtD VH SXHGH WUDQVPLWLU GHVGH HO HVWDGR
H[FLWDGR ' HQ HO FDVR GHO (X,,, \ ' SDUD HO 7E,,, D ORV QLYHOHV
YLEUDFLRQDOHV2+SHUWHQHFLHQWHVDODVPROpFXODVGHDJXDFRRUGLQDGDVOR
TXHSURGXFHXQDGLVPLQXFLyQGHORVWLHPSRVGHYLGDGHOHVWDGRH[FLWDGR
6LQHPEDUJRFXDQGRORVFRPSOHMRVVRQGLVXHOWRVHQ'2ODWUDQVIHUHQFLD
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GHHQHUJtDQRWLHQHOXJDU\ORVYDORUHVGHORVWLHPSRVGHYLGDQRVHYHQ
DIHFWDGRV$SDUWLUGHHVWDVGLIHUHQFLDVHVSRVLEOHFDOFXODUHOQ~PHURGH
PROpFXODVGHDJXDTXHVHHQFXHQWUDQFRRUGLQDGDVGLUHFWDPHQWHDO/Q,,,
VHJ~QODVHFXDFLRQHV\SDUDHO(X,,,\HO7E,,,UHVSHFWLYDPHQWH
ݍா௨ሺூூூሻ ൌ ଵଶ ሾ൬
ଵ
ఛಹమೀ
െ ଵఛವమೀ൰ െ ͲǤʹͷሿ    HF
ݍ்௕ሺூூூሻ ൌ ͷሾ൬ ଵఛಹమೀ െ
ଵ
ఛವమೀ
൰ െ ͲǤͲ͸ሿ    HF
6HOOHYDURQDFDERODVPHGLGDVGHORVWLHPSRVGHYLGDPHGLDSDUD
FRQRFHU HO YDORU GH q GH ORV VLVWHPDV KtEULGRV /RV H[SHULPHQWRV VH
UHDOL]DURQYDULDQGRODVFRQGLFLRQHVGHS+\DGHPiVVHOOHYDURQDFDERODV
PHGLGDVHQDXVHQFLD\HQSUHVHQFLDGHXQDGLVROXFLyQGHFORUXURVyGLFRDO
 \D TXH HO 1D&O HV XQ FRQRFLGR GHVDFWLYDGRU GH OD HPLVLyQ GH
IOXRUHVFHQFLD(QODWDEODVHUHFRJHQORVUHVXOWDGRVDPRGRGHHMHPSOR
GHOFRPSOHMR%/Q,,,'2$
/RVUHVXOWDGRVVRQFRQVLVWHQWHVFRQODSUHVHQFLDGHGRVPROpFXODV
GH DJXD FRRUGLQDGDV DO *G,,, HQ HO VLVWHPD %*G,,,'2$ 6H
UHDOL]DURQ ORV PLVPRV HVWXGLRV SDUD HO VLVWHPD %/Q,,,'73$ GDQGR
FRPRUHVXOWDGRXQDPROpFXODGHDJXDHQHOVLVWHPD%*G,,,'73$HQ
ODVFRQGLFLRQHVGH WUDEDMRXWLOL]DGDV$GHPiV ODDGLFLyQGHXQGH
1D&O D ODV GLVROXFLRQHV QR SURGXFH QLQJ~Q FDPELR VLJQLILFDWLYR HQ OD
HPLVLyQGHIOXRUHVFHQFLDGHODVPXHVWUDVQLHQHOYDORUGHqORTXHLQGLFD
TXH HO FRPSOHMR VHPDQWLHQH HVWDEOH\QR VHSURGXFH ODGLVRFLDFLyQGHO
PLVPR

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7DEOD9DORUHVGHWLHPSRVGHUHODMDFLyQHQ+2\'2PHGLGRVDS+\
HQDXVHQFLD\HQSUHVHQFLDGHGH1D&OSDUDORVVLVWHPDV%(X,,,'2$\
%7E,,,'2$
 W+2PV W'2PV q
(XS+   
 D  
(XS+1D&O   
(XS+   
 E  
(XS+1D&O   
7ES+   
7ES+1D&O   
7ES+   
7ES+1D&O   
DPHGLGDVUHDOL]DGDVKGHVSXpVGHODSUHSDUDFLyQGHODVPXHVWUDV\EVHPDQDV
GHVSXpV

 ,PiJHQHV GH UHVRQDQFLD PDJQpWLFD \ FiOFXOR GH OD
UHODMDWLYLGDG
3DUDHYDOXDUODHILFDFLDGHORVFRPSOHMRVGH*G,,,GHORVVLVWHPDV
KtEULGRV VH REWXYLHURQ LPiJHQHV GH05, GHO VLVWHPD %*G,,,'2$
PHGLGDVHQXQFDPSRGH0+]D&ILJXUD3DUDFRUURERUDUOD
HVWDELOLGDGGHORVFRPSOHMRVVHUHDOL]DURQODVPHGLGDVYDULDQGRHOS+\OD
FRQFHQWUDFLyQGH*G,,,3DUDFRQRFHU ODFRQFHQWUDFLyQGH ODQWiQLGRHQ
ODVPXHVWUDVVHUHDOL]yHVSHFWURPHWUtDGHPDVDV,&306
Nanopartículas de bohemita como agentes de contraste. 
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
)LJXUD0DSDGHT1GHOVLVWHPD%*G,,,'2$PHGLGRD7D
GLIHUHQWHVS+VHQDXVHQFLD\HQSUHVHQFLDGHXQGH1D&OD&\XQ
FDPSRGH0+]
/RV YDORUHV GH UHODMDWLYLGDG PHGLGRV D S+  \  VRQ GH
P0V\P0VUHVSHFWLYDPHQWH6HUHSLWLHURQODVPHGLGDVHQ
SUHVHQFLDGHGH1D&OGDQGRYDORUHVGHP0V\P0V
WDEOD/RVUHVXOWDGRVLQGLFDQXQDGLQiPLFDGHLQWHUFDPELROHQWDHQ
ODVFRQGLFLRQHVGHWUDEDMRHVWXGLDGDV6LQHPEDUJRFXDQGRODVPHGLGDVVH
UHDOL]DQ D S+  OD UHODMDWLYLGDG DXPHQWD GHPDQHUD FRQVLGHUDEOH KDVWD
YDORUHVGHP0V6HSRGUtDSHQVDUTXHHVWHDXPHQWRHVGHELGRD
ODOLEHUDFLyQGHO*G,,,DODGLVROXFLyQVLQHPEDUJRDHVWHS+HOYDORUGH
qREWHQLGRVLJXHVLHQGRGH'HELGRDODFRPSRVLFLyQGHODVXSHUILFLHGH
ODQDQRSDUWtFXODHVWHFDPELRHQORVYDORUHVGHODUHODMDWLYLGDGFRQHOS+
VXJLHUH TXH HO JUDGR GH SURWRQDFLyQ GH ORV JUXSRV 2+ MXHJD XQ SDSHO
LPSRUWDQWHHQHO LQWHUFDPELRGHPROpFXODVGHDJXDHQWUHHO*G,,,\HO
PHGLR
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3DUD FRPSUREDU OD HVWDELOLGDG GH ODV PXHVWUDV FRQ HO WLHPSR VH
UHSLWHURQODVPHGLGDVGHUHODMDWLYLGDGGHVSXpVGHXQPHVWDEOD6yOR
HQ HO FDVR GH ODV PXHVWUDV TXH OOHYDEDQ SUHSDUDGDV XQPHV D S+  VH
SURGXMR OD OLEHUDFLyQ GHO *G,,, GHO FRPSOHMR DO PHGLR DFXRVR FRQ HO
FRUUHVSRQGLHQWHDXPHQWRGHOYDORUGHUHODMDWLYLGDG
7DEOD  9DORUHV GH UHODMDWLYLGDG SDUD HO VLVWHPD %*G,,,'2$ UHFLpQ
SUHSDUDGDV\GHVSXpVGHXQPHV(OYDORUGHqVHLQGLFDHQWUHSDUpQWHVLV
 rP0
V
UHFLpQSUHSDUDGDV
rP0V
GHVSXpVGHPHV
S+  
S+1D&O  
S+  
S+1D&O  
S+  
S+1D&O  

3HUILOHVGHUHODMDFLyQPDJQpWLFDQXFOHDU
3DUDREWHQHUPiV LQIRUPDFLyQVREUHHOSURFHVRGH LQWHUFDPELRGH
PROpFXODVGHDJXDHQWUHHOFRPSOHMR\HOPHGLRVHUHDOL]DURQPHGLGDVGH
GLVSHUVLyQGHUHODMDFLyQPDJQpWLFDQXFOHDU105'SRUnuclear magnetic 
relaxation dispersion VREUH ORV VLVWHPDV%*G,,,'2$\%*G,,,
'73$ ILJXUD  D  & \  & /DV PHGLGDV VH UHDOL]DURQ
VXVSHQGLHQGR ODV QDQRSDUWtFXODV HQ GLVROXFLyQ DFXRVD WDPSRQDGD FRQ
+(3(60DS+\HQGLVROXFLyQDFXRVDWDPSRQDGDFRQWHQLHQGR
XQGHVXUIDFWDQWH
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(V LQWHUHVDQWHGHVWDFDUTXHQRSDUHFHH[LVWLUGHSHQGHQFLDHQWUH OD
UHODMDWLYLGDG\ODWHPSHUDWXUDHQSDUWLFXODUDYDORUHVGHFDPSRPDJQpWLFR
DOWRV\TXHHVWDSHTXHxDGHSHQGHQFLDVHFXPSOHWDQWRSDUDODVPXHVWUDV
TXHWLHQHQVXUIDFWDQWHFRPRSDUDODVTXHQR6LQHPEDUJRFRPRVHSXHGH
YHUHQODILJXUDHOVLVWHPDDOTXHVHKDDxDGLGRHOVXUIDFWDQWHPXHVWUD
YDORUHVGHUHODMDWLYLGDGDOUHGHGRUGHYHFHVPiVDOWRVTXHODVPXHVWUDDOD
TXH QR VH OH KD DxDGLGR SDUD WRGRV ORV YDORUHV GHO FDPSR PDJQpWLFR
DSOLFDGR(VWDGLIHUHQFLDSXHGHLQGLFDUFLHUWRJUDGRGHDJUHJDFLyQGHODV
QDQRSDUWtFXODVHQDJXDSXUD

)LJXUD3HUILOHVGH+105'GHOVLVWHPD%*G,,,'73$D&Ÿ\
&ʄSUHSDUDGRVHQGLVROXFLyQDFXRVDVtPERORVYDFtRV\HQGLVROXFLyQ
FRQWHQLHQGRXQGHVXUIDFWDQWHVtPERORVUHOOHQRV>*G,,,@ P0
S+ 0+(3(6
$OFRPSDUDUORVYDORUHVGHUHODMDWLYLGDGREWHQLGRVSDUDORVVLVWHPDV
%*G,,,'2$ \ %*G,,,'73$ QR VH HQFXHQWUDQ PXFKDV GLIHUHQFLDV
HQWUH HOORV DSHVDUTXH ODPROpFXODTXH FRRUGLQD DO*G,,, HVGLIHUHQWH
'2$ R '73$ ILJXUD  $GHPiV ORV YDORUHV VRQ LQXVXDOPHQWH
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EDMRVDSHVDUGHTXHODVFXUYDVSUHVHQWDQODWtSLFDMRUREDDFDPSRVDOWRV
FDUDFWHUtVWLFRVGH VLVWHPDVFRQXQD URWDFLyQ OHQWD8QDH[SOLFDFLyQSDUD
HVWHFRPSRUWDPLHQWRSRGUtDVHUODSUHVHQFLDGHSHTXHxRVDJUHJDGRVHQODV
GLVSHUVLRQHVFRORLGDOHVGHORVVLVWHPDVKtEULGRV LQFOXVRHQSUHVHQFLDGH
VXUIDFWDQWH 'H HVWH PRGR H[LVWHQ FRPSOHMRV GH *G,,, TXH QR
FRQWULEX\HQDOYDORUGHODUHODMDWLYLGDGPRODU\DTXHORViWRPRVGH*G,,,
QRVHHQFXHQWUDQDFFHVLEOHVDODVPROpFXODVGHDJXDGHOPHGLR\SRUOR
WDQWRVHOLPLWDODUHODMDWLYLGDGGHORVSURWRQHV

)LJXUD3HUILOHVGH+105'GHOVLVWHPD%*G,,,'73$VtPERORV
UHOOHQRV\%*G,,,'2$VtPERORVYDFtRVHQGLVROXFLyQDFXRVDFRQWHQLHQGR
GHVXUIDFWDQWHD&ʄ\&Ÿ>*G,,,@ P0S+ 
0+(3(6


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7LHPSRVGHUHODMDFLyQWUDQVYHUVDOPHGLDQWH2501
3DUDREWHQHUPiVLQIRUPDFLyQVREUHODFDSDFLGDGGHLQWHUFDPELRGH
PROpFXODV GH DJXD HQ QXHVWURV VLVWHPDV KtEULGRV VH KDQ OOHYDGR D FDER
PHGLGDVGHYHORFLGDGGHUHODMDFLyQ WUDQVYHUVDOGH2501YDULDQGR OD
WHPSHUDWXUD 6H SUHSDUDURQ GLIHUHQWHV GLVSHUVLRQHV GH QDQRSDUWtFXODV HQ
GLVROXFLyQDFXRVD\FRPRUHIHUHQFLDVHHPSOHyGLVROXFLRQHVDFXRVDVGH
<,,, GLDPDJQpWLFR SUHSDUDGDV HQ ODV PLVPDV FRQGLFLRQHV GH
FRQFHQWUDFLyQ>/Q,,,@ P0\S+TXHORVVLVWHPDVKtEULGRV(QOD
ILJXUDVHPXHVWUDODVYHORFLGDGHVGHUHODMDFLyQT2rGHILQLGDVVHJ~Q
ODHFXDFLyQ\

)LJXUD9HORFLGDGHVGHUHODMDFLyQWUDQVYHUVDOGH2GHORVVLVWHPDV
%*G,,,'2$Ÿ%*G,,,'73$ʄ


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ଵ
మ்ೝ
ൌ ሺ ଵ
మ்
െ ଵ்మೝ೐೑ሻȀ ௠ܲ      HF
௠ܲ ൌ ሾܩ݀ሺܫܫܫሻሿ כ ௤ହହǤହ      HF
VLHQGRT2 \T2r ORV WLHPSRVGH UHODMDFLyQ WUDQVYHUVDO H[SHULPHQWDOHVGHO
FRPSOHMRGH*G,,,\GHODGLVROXFLyQGHUHIHUHQFLDUHVSHFWLYDPHQWHPm
UHSUHVHQWD OD IUDFFLyQPRODUGH ODPROpFXODGHDJXDFRRUGLQDGD\ VHKD
DVXPLGRSDUD ORVFiOFXORVTXHq SDUDHO VLVWHPD%*G,,,'2$\
q SDUD%*G,,,'73$
(QDPERVVLVWHPDVVHSURGXFHXQDGLVPLQXFLyQGHODVYHORFLGDGHV
GH UHODMDFLyQ FRQIRUPH DXPHQWD OD WHPSHUDWXUD OR TXH HV XQD FODUD
LQGLFDFLyQGHTXHVHSURGXFHXQLQWHUFDPELRUiSLGRGHDJXD+D\TXHWHQHU
HQ FXHQWD TXH SRU OD SUHVHQFLD GH SHTXHxRV DJUHJDGRV H[LVWH XQD
SURSRUFLyQGHFRPSOHMRVGH*G,,,TXHQRWLHQHQDFFHVRDODVPROpFXODV
GHDJXD\TXHQRFRQWULEX\HQDODVYHORFLGDGHVGHUHODMDFLyQTXHVHHVWiQ
PLGLHQGR 6LQ HPEDUJR HVWD SURSRUFLyQ SRGUtD YHUVH PRGLILFDGD HQ
IXQFLyQGHODWHPSHUDWXUD/DFRPSOHMLGDGGHOVLVWHPDLPSLGHXQDQiOLVLV
VHQFLOOR GH ORV GDWRV \ GHO FiOFXOR GH OD FRQVWDQWH GH YHORFLGDG GH
LQWHUFDPELRH[DFWD
$SHVDUGHWRGRHOSHUILOGHODFXUYDGHT2rUHSUHVHQWDXQDFODUD
HYLGHQFLD GH TXH ORV FRPSOHMRV GH *G,,, TXH VH HQFXHQWUDQ HQ OD
VXSHUILFLH GH ODV QDQRSDUWtFXODV WLHQHQ XQD YHORFLGDG GH LQWHUFDPELR
UiSLGD \ OR TXH HV PiV LPSRUWDQWH ORV YDORUHV REWHQLGRV VRQ
FRQVLGHUDEOHPHQWH PD\RUHV TXH ORV FRUUHVSRQGLHQWHV FRPSOHMRV HQ VX
IRUPDOLEUH'HKHFKRORVFRPSOHMRVGH*G'2$\*G'73$PXHVWUDQ
XQUpJLPHQGHLQWHUFDPELRLQWHUPHGLR\OHQWRUHVSHFWLYDPHQWHFXDQGRVH
UHSUHVHQWDHOWpUPLQRT2rIUHQWHDODLQYHUVDGHODWHPSHUDWXUD8QDGHODV
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UD]RQHVTXHSRGUtDQH[SOLFDUHOLQWHUFDPELRUiSLGRGHPROpFXODVGHDJXD
TXHVHHVWiREVHUYDQGRVHUtDODSUHVHQFLDGHORVJUXSRV2+HQODVXSHUILFLH
GHODVQDQRSDUWtFXODVTXHGHDOJXQDPDQHUDHVWiQIDYRUHFLHQGRHOSURFHVR
GHLQWHUFDPELRSRUORTXHHVQHFHVDULRUHDOL]DUHVWXGLRVDGLFLRQDOHVSDUD
FRUURERUDUHVWDKLSyWHVLV

 &DUDFWHUL]DFLyQ GH ORV FRPSOHMRV GH (X,,, \ 7E,,, FRPR
VRQGDVOXPLQLVFHQWHV
0LFURVFRStDFRQIRFDOGHLPDJHQ
/DVSURSLHGDGHVySWLFDVGHODVVDOHVGH(X,,,\7E,,,DVtFRPR
ODV GH VXV FRPSOHMRV GH FRRUGLQDFLyQKDQ SHUPLWLGR VX XVR HQGLYHUVDV
DSOLFDFLRQHV ELRPpGLFDV FRPR ORV LQPXQRHQVD\RV OD GHWHFFLyQ GH
SURWHtQDV OD YLVXDOL]DFLyQ GH FpOXODV HWF 'HELGR D HOOR VH GHFLGLy
HYDOXDU ORV VLVWHPDV KtEULGRV FRPSOHMDGRV FRQ (X,,, \ 7E,,, FRPR
DJHQWHVGHFRQWUDVWHGHLPDJHQSDUDVXXVRHQDSOLFDFLRQHVin vivo. 
6H LQFXEDURQ FpOXODV +H/D KXPDQDV FRQ XQD GLVSHUVLyQ GH
QDQRSDUWtFXODVIXQFLRQDOL]DGDVFRQFRQFHQWUDFLRQHVHQWUH\0GH
ODQWiQLGRYDULDQGRHOWLHPSRGHLQFXEDFLyQGHPLQDKRUDV\GtD
'HVSXpVGHKRUDVVHREVHUYyTXHODVQDQRSDUWtFXODVVHHQFRQWUDEDQHQHO
LQWHULRUGHODVFpOXODVILJXUD
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
)LJXUD0LFURVFRStDGHIOXRUHVFHQFLDFRQIRFDOGHFpOXODV+H/DLQFXEDGDV
FRQHOVLVWHPD%7E'2$5RMR&'D]XOVLVWHPDKtEULGR
(QODLPDJHQVHSXHGHYHUGLIHUHQWHVSODQRVGHXQDFpOXODHQODTXH
ODV QDQRSDUWtFXODV VH HQFXHQWUDQ GLVWULEXLGDV HQ HO FLWRSODVPD \
DSDUHQWHPHQWHQRHVWiQGHQWURGHYHVtFXODV6HXWLOL]yHODQWLFXHUSR&'
SDUD FRPSUREDU OD LQFRUSRUDFLyQ GH ORV VLVWHPDV KtEULGRV D ODV
QDQRSDUWtFXODV$GHPiVHOWLHPSRHPSOHDGRWDQWRSDUDODLQFXEDFLyQGH
ODVQDQRSDUWtFXODVFRQODVFpOXODVDVtFRPRHOWLHPSRHPSOHDGRHQOOHYDU
DFDER ORVH[SHULPHQWRVQRSURYRFDURQQLQJ~Q WLSRGH WR[LFLGDGFHOXODU
ILJXUD
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)LJXUD&pOXOV+H/DLQFXEDGDVFRQ%/Q,,,'2$GXUDQWHGtD
>/Q,,,@ 0
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&LWRPHWUtDGHIOXMR
3DUDFRPSUREDUODWR[LFLGDGGHORVVLVWHPDVKtEULGRVHQORVFXOWLYRV
FHOXODUHVVHUHDOL]DURQHVWXGLRVSRUFLWRPHWUtDGHIOXMR(VWDWpFQLFDSHUPLWH
GLVWLQJXLUHQWUHFpOXODVDSRSWyWLFDVPXHUWHFHOXODUSURJUDPDGDSURYRFDGD
SRU HOOD PLVPD \ QHFUyWLFDV PXHUWH FHOXODU SURYRFDGD SRU XQ DJHQWH
H[WHUQRQRFLYRGHXQDPDQHUDUiSLGD\HILFD]
/RVFXOWLYRVFHOXODUHVIXHURQLQFXEDGRVFRQORVVLVWHPDVKtEULGRVHQ
ODV PLVPDV FRQGLFLRQHV TXH ODV HPSOHDGDV HQ OD PLFURVFRStD FHOXODU
0\KRUDV/RVUHVXOWDGRVVHPXHVWUDQHQODILJXUDSDUDHO
VLVWHPD%/Q,,,'2$\SDUDHOVLVWHPD%/Q,,,'73$GRQGH
VHSXHGHQGLIHUHQFLDU]RQDVRFXDGUDQWHV4SDUDFpOXODVQHFUyWLFDV4
SDUDFpOXODVDSRSWyWLFDVWDUGtDV4SDUDFpOXODVDSRSWyWLFDVWHPSUDQDV\
4SDUDFpOXODVYLYDV
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)LJXUD&LWRPHWUtDGHIOXMRUHDOL]DGDVREUHFpOXODV+H/DFRQHOVLVWHPD
KtEULGR%/Q,,,'2$&RPRLQGLFDGRUHVVHKDHPSOHDGR\RGXURGHSURSLGLR
IUHQWHD$QQH[LQ9$OH[D)OXRU
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
)LJXUD&LWRPHWUtDGHIOXMRUHDOL]DGDVREUHFpOXODV+H/DFRQHOVLVWHPD
KtEULGR%/Q,,,'73$&RPRLQGLFDGRUHVVHKDHPSOHDGR\RGXURGHSURSLGLR
IUHQWHD$QQH[LQ9$OH[D)OXRU
/RVUHVXOWDGRVPXHVWUDQTXHWDQWRODVQDQRSDUWtFXODVGHERKHPLWD
FRPRODVQDQRSDUWtFXODVIXQFLRQDOL]DGDVQRVRQWy[LFDV\DTXHODPD\RU
SDUWH GH HOODV VH HQFXHQWUDQ HQ HO FXDGUDQWH 4 FRUUHVSRQGLHQWH D ODV
FpOXODV YLYDV 6H KD HQFRQWUDGR TXH PiV GHO  GH ODV FpOXODV HUDQ
YLDEOHVVLQLPSRUWDUHOWLSRGHTXHODWRHPSOHDGR'73$R'2$


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&RQFOXVLRQHV
6H KDQ SUHSDUDGR \ FDUDFWHUL]DGR HQ GHWDOOH GRV QXHYRV VLVWHPDV
KtEULGRV IRUPDGRV SRU OD XQLyQ GH GRV PROpFXODV RUJiQLFDV '2$ \
'73$ D OD VXSHUILFLH GH QDQRSDUWtFXODV GH ERKHPLWD $GHPiV VH KDQ
IRUPDGRORVFRPSOHMRVGH(X,,,7E,,,\*G,,,
6HKDQHYDOXDGRORVFRPSOHMRVGH*G,,,FRPRSRVLEOHVDJHQWHVGH
FRQWUDVWH/D HOHYDGD FDQWLGDGGH FDWLRQHVSRUQDQRSDUWtFXODRIUHFHXQD
PDJQLILFDFLyQ GH OD VHxDO GH05, TXH SXHGH UHVXOWDU PX\ ~WLO SDUD OD
YLVXDOL]DFLyQGHSHTXHxDVHVWUXFWXUDVFRPRHOFDVRGHFpOXODV(OQ~PHUR
GH PROpFXODV GH DJXD XQLGDV DO *G,,, KD VLGR HO HVSHUDGR SDUD HVWDV
PROpFXODV\VHKDQREWHQLGRYHORFLGDGHVGHLQWHUFDPELRGHDJXDPD\RUHV
TXH ODV FRUUHVSRQGLHQWHV D ORV FRPSOHMRV DLVODGRV $GHPiV VH KD
HQFRQWUDGRTXHODURWDFLyQGHORVFRPSOHMRVVHKDUDOHQWL]DGRGHELGRDOD
ILMDFLyQGHORVFRPSOHMRVRUJiQLFRVHQODVXSHUILFLHGHODVQDQRSDUWtFXODV
$SHVDUGHORVEXHQRVUHVXOWDGRVREWHQLGRVHQORVSDUiPHWURVq, W0
\ W5 ODV PHGLGDV GH UHODMDWLYLGDG UHDOL]DGDV D S+ ILVLROyJLFR QR KDQ
UHVXOWDGRVHUWDQEXHQDVFRPRVHHVSHUDEDGHELGRTXL]iDODDSDULFLyQGH
SHTXHxRVDJUHJDGRVHQODVGLVSHUVLRQHVGHODVQDQRSDUWtFXODVTXHLPSLGHQ
HODFFHVRGHOPHGLRDORVFRPSOHMRVGH*G,,,ORFDOL]DGRVHQHOLQWHULRU
GHODJUHJDGR(VWRVUHVXOWDGRVSDUHFHQLQGLFDUTXHODSUHVHQFLDGHJUXSRV
2+HQODVXSHUILFLHWLHQHXQSDSHOLPSRUWDQWHHQHOYDORUGHUHODMDWLYLGDG
SRUORTXHVHQHFHVLWDUtDQKDFHUPiVHVWXGLRVHQHVWHSXQWR
 $GHPiVVHKDQHYDOXDGRODVSURSLHGDGHVySWLFDVGHORVFRPSOHMRV
GH(X,,,\7E,,,HQFpOXODVKXPDQDV+H/D/RVUHVXOWDGRVREWHQLGRV
VRQPX\SURPHWHGRUHVHQFXDQWRDOXVRGHHVWHWLSRGHVLVWHPDVKtEULGRV
Capítulo 7. 

FRPR VRQGDV ELROyJLFDV \D TXH ODV FpOXODV KDQ LQFRUSRUDGR D ODV
QDQRSDUWtFXODVHQVXLQWHULRUVLQTXHH[LVWDQLQJ~QWLSRGHWR[LFLGDG
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,QWURGXFFLyQ
(O UHFRQRFLPLHQWR GH DQLRQHV PHGLDQWH HO XVR GH UHFHSWRUHV
VLQWpWLFRVKDVLGR\D~QHVKR\HQGtDXQRGHORVREMHWLYRVGHOD4XtPLFD
6XSUDPROHFXODU(VWH LQWHUpVVHIXQGDPHQWDHQ ODSUHVHQFLDGHHVSHFLHV
FDUJDGDVQHJDWLYDPHQWHHQPXFKDVGLDQDVELROyJLFDVFRPRSRUHMHPSOR
ORVSpSWLGRVQXFOHyWLGRVFDUERKLGUDWRVHWF6LQHPEDUJRODQHFHVLGDG
GH XQ UHFRQRFLPLHQWR HIHFWLYR GH DQLRQHV HV ~WLO DGHPiV HQ HO FDPSR
PHGLRDPELHQWDO GHELGR D OD H[LVWHQFLD GH HVSHFLHV UDGLRDFWLYDV
FRQWDPLQDQWHVFRPRORVSHUWHFQHWDWRVHVSHFLHVWy[LFDVRSUREOHPiWLFDVGH
DOJXQDPDQHUDHQORVSURFHVRVGHWUDWDPLHQWRVGHDJXDVFRPRORVVXOIDWRV
FURPDWRVRLQFOXVRIRVIDWRVSRUQRPEUDUDOJXQRV
6LQHPEDUJRHOGHVDUUROORGHUHFHSWRUHVDQLyQLFRVIXHPiV WDUGtR
UHVSHFWRDOGHORVFDWLyQLFRVGHELGRDODVFDUDFWHUtVWLFDVSDUWLFXODUHVTXH
H[KLEHQ ORV DQLRQHV IUHQWH D ORV FDWLRQHV /DV HVSHFLHV DQLyQLFDV VRQ
UHODWLYDPHQWHJUDQGHV3RUHMHPSORORVKDOXURVWLHQHQXQWDPDxRPD\RU
TXH VXV FRUUHVSRQGLHQWHV FDWLRQHV LVRHOHFWUyQLFRV /D GLIHUHQWH UHODFLyQ
FDUJDUDGLR PHQRU HQ HO FDVR GH ORV DQLRQHV KDFH TXH OD LQWHUDFFLyQ
HOHFWURVWiWLFDVHDPHQRVHIHFWLYDHQHOFDVRGHODQLyQ3RURWUDSDUWHORV
DQLRQHV WLHQHQHQHUJtDVGHVROYDWDFLyQPiVDOWDVTXH ORVFDWLRQHVFRQ OD
PLVPD FDUJD QHWD \ WDPDxR FRPSDUDEOH /D WDEOD  UHFRJH GLIHUHQWHV
SURSLHGDGHVSDUDDOJXQRVDQLRQHVFRPXQHV




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
$XQTXHODFDUJD\HOWDPDxRGHORVDQLRQHVVRQPX\LPSRUWDQWHVD
OD KRUD GH GLVHxDU XQ UHFHSWRU DGHFXDGR HV QHFHVDULR SUHVWDU HVSHFLDO
DWHQFLyQDODIRUPDGHOPLVPR/DDILQLGDGGHXQUHFHSWRUSRUXQFDWLyQ
GHSHQGHHQWUHRWURVIDFWRUHVGHOQ~PHURGHFRRUGLQDFLyQGHOFDWLyQGH
PDQHUD TXH HO UHFRQRFLPLHQWR HVWi IDYRUHFLGR VL HO Q~PHUR GH
FRRUGLQDFLyQGHOFDWLyQFRQFXHUGDFRQODWRSRORJtDGHOUHFHSWRU(QHOFDVR
GHORVDQLRQHVVLHPSUHVHKDGLFKRTXHQRH[LVWHHOFRQFHSWRGHQ~PHURGH
FRRUGLQDFLyQ\VHKDKDEODGRGHOWLSRGHJHRPHWUtDVTXHSXHGHQH[KLELU
ORVDQLRQHVILJXUDGHPRGRTXHDODKRUDGHVLQWHWL]DUORVUHFHSWRUHV
VH KD EXVFDGR XQ DOWR JUDGR GH FRPSOHPHQWDULHGDG WRSROyJLFD FRQ ORV
VXVWUDWRVDQLyQLFRVTXHVHTXLHUHQUHFRQRFHU
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
)LJXUH9DULHGDGHVWUXFWXUDOSUHVHQWHHQORVDQLRQHV
*UDFLDV DO HVIXHU]R UHDOL]DGR HQ HO GHVDUUROOR GHO UHFRQRFLPLHQWR
DQLyQLFR HQ OD ~OWLPD GpFDGD VH KD LQWURGXFLGR HO FRQFHSWR GH GREOH
YDOHQFLDSDUDORVDQLRQHVDOLJXDOTXHH[LVWHSDUDORVFDWLRQHV/DSULPHUD
YDOHQFLDKDUtDUHIHUHQFLDDODFDUJDGHODQLyQHTXLYDOHQWHDODFDUJDGHO
FDWLyQ \ OD VHJXQGD YDOHQFLD HTXLYDOHQWH D OD HVIHUD GH FRRUGLQDFLyQ
HVWDUtD UHSUHVHQWDGD SRU ORV HQODFHV GH KLGUyJHQR IRUPDGRV FRQ XQ
³OLJDQGR´
2WURDVSHFWRDWHQHUHQFXHQWDHQHOUHFRQRFLPLHQWRDQLyQLFRHVOD
VROYDWDFLyQ &RPR VH KD FRPHQWDGR DQWHULRUPHQWH ORV DQLRQHV SRVHHQ
HQHUJtDV GH VROYDWDFLyQ HOHYDGDV HVSHFLDOPHQWH HQ GLVROYHQWHV
KLGUR[tOLFRV \ HQ DJXD SRU OR TXH PXFKRV GH ORV HVWXGLRV TXH VH KDQ
UHDOL]DGRHQHVWHFDPSRKDQXWLOL]DGRGLVROYHQWHVDSRODUHVHYLWDQGRHOXVR
GHGLVROYHQWHVDFXRVRV(QDJXDORVDQLRQHVWLHQHQXQDDOWDFDSDFLGDGGH
IRUPDUHQODFHVGHKLGUyJHQRSRU ORTXH ORV UHFHSWRUHVGHEHQHVWDEOHFHU
LQWHUDFFLRQHVIXHUWHVGHFDUDDFRPSHWLUGHXQDPDQHUDDOWDPHQWHHILFD]
FRQODVPROpFXODVGHDJXDTXHHVWiQVLWXDGDVHQODHVIHUDGHVROYDWDFLyQ
GHODQLyQ$GHPiVODPD\RUtDGHORVDQLRQHVVRQVHQVLEOHVDOS+SLHUGHQ
SDUFLDO R WRWDOPHQWH OD FDUJD QHJDWLYD D YDORUHV GH S+ EDMRV DO FDSWDU
/LQHDO
1&16&12+
7ULJRQDOSODQD
&212
(VIpULFD
)&O%U,
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SURWRQHV(VWHKHFKRREOLJDDTXHORVUHFHSWRUHVVHDQHIHFWLYRVHQODIUDQMD
GHS+HQODFXDOHODQLyQQRHVWiSURWRQDGR

5HFRQRFLPLHQWRGHVXOIDWR
(OUHFRQRFLPLHQWRGHVXOIDWR\IRVIDWRHVXQRGHORVREMHWLYRVPiV
EXVFDGRVKR\HQGtDGHQWURGHOFDPSRGHOUHFRQRFLPLHQWRDQLyQLFR\GH
HVWH WUDEDMR GH LQYHVWLJDFLyQ (O VXOIDWR HV XQD HVSHFLH FRQWDPLQDQWH
SUHVHQWH HQ ORV GHVHFKRV QXFOHDUHV TXH LQWHUILHUH HQ ORV SURFHVRV GH
WUDWDPLHQWR GH ORV PLVPRV $GHPiV HV FRQRFLGR SRU VHU XQR GH ORV
UHVSRQVDEOHVGHODGXUH]DGHODJXD(ODQLyQIRVIDWRVHXVDHQODREWHQFLyQ
GHGHWHUJHQWHV\HVXQRGHORVUHVSRQVDEOHVGHODHXWURIL]DFLyQGHUtRV\
ODJRV3RURWUDSDUWHHODQLyQIRVIDWRMXQWRFRQVXVFRUUHVSRQGLHQWHVpVWHUHV
\DQKtGULGRVWLHQHQXQSDSHOLPSRUWDQWHHQPXFKRVSURFHVRVELROyJLFRV
'HELGRDTXHHOVXOIDWR62\HOIRVIDWR32VRQR[RDQLRQHV
LVRHOHFWUyQLFRV H LVRHVWUXFWXUDOHV HO UHFRQRFLPLHQWR GH XQR GH HOORV HQ
SUHVHQFLD GHO RWUR QR HV DOJR VHQFLOOR $PERV DQLRQHV VRQ GH WLSR
KLGURItOLFR OR TXH KDFH SHQVDU TXH ORV FHQWURV GH UHFRQRFLPLHQWR
KLGURItOLFRVVHUiQPiVHIHFWLYRVTXHORVFHQWURVKLGURIyELFRV/DKLGURILOLD
DQLyQLFDHVWiUHODFLRQDGDFRQODVHULHGH+RIPHLVWHUILJXUD)UDQ]
+RIPHLVWHU HVWDEOHFLy HVWD FODVLILFDFLyQ HQ  D SDUWLU GHO HVWXGLR GH
SUHFLSLWDFLyQGHSURWHtQDVFDXVDGDSRUFLHUWDVVDOHV(QHVWDVHULHH[LVWHQ
DQLRQHV IXHUWHPHQWH VROYDWDGRV FRPR HO IOXRUXUR R HO VXOIDWR TXH VRQ
FDSDFHVGHGLVPLQXLUODVROXELOLGDGGHXQDSURWHtQDPLHQWUDVTXHDQLRQHV
FRPRSHUFORUDWRRHOWLRFLDQDWRPXHVWUDQXQHIHFWRFRQWUDULR/DVHULHGH
+RIPHLVWHUKDVLGRDVRFLDGDKLVWyULFDPHQHFRQODKDELOLGDGGHORVLRQHVGH
PRGXODU OD UHG GH HQODFHV GH KLGUyJHQR GHO DJXD 6HJ~Q HVH SULQFLSLR
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DQLRQHVFRPRHOVXOIDWR\HOIRVIDWRVRQGHWLSRFRVPRWUySLFRR³structure 
making´ORTXHVLJQLILFDTXHLQWHUDFFLRQDQIXHUWHPHQWHFRQODVPROpFXODV
GHDJXD(VWDVLQWHUDFFLRQHVVRQLQFOXVRPiVIXHUWHVTXHODVSUHVHQWHVHQWUH
ODVSURSLDVPROpFXODVGHDJXDORTXHKDFHTXHHVWDFODVHGHDQLRQHVSXHGD
URPSHUHQODFHVGHKLGUyJHQRHQWUHHOODV

)LJXUD7tSLFDUHSUHVHQWDFLyQGHODVHULHGH+RIPHLVWHUSDUDXQDVHULHGH
DQLRQHVLQRUJiQLFRV
$XQTXHHVWDFODVLILFDFLyQD~QVHSXHGHHQFRQWUDUHQODOLWHUDWXUDHV
QHFHVDULRWHQHUHQFXHQWDTXHODVSURSLHGDGHVGHORVLRQHVHQGLVROXFLyQ
DFXRVD\VXVLQWHUDFFLRQHVFRQPROpFXODVRUJiQLFDVVRQVLJQLILFDWLYDPHQWH
PiVFRPSOHMDV
/DPD\RUGLIHUHQFLDTXHVHSXHGHHQFRQWUDUHQWUHVXOIDWR\IRVIDWR
HVTXL]iVVXEDVLFLGDG ORTXHSHUPLWHGLIHUHQFLDUORVSRUVXFDUJDQHWDD
FLHUWRVS+V(QODILJXUDVHPXHVWUDQORVGLDJUDPDVGHGLVWULEXFLyQGH
HVSHFLHV SDUD DPERV DQLRQHV $ S+ ILVLROyJLFR HO DQLyQ VXOIDWR VH
HQFXHQWUDQ WRWDOPHQWH GHVSURWRQDGRV PLHQWUDV TXH HO DQLyQ IRVIDWR VH
HQFXHQWUD FRPR XQD PH]FOD DO  GH OD IRUPD PRQRSURWRQDGD \ OD
GLSURWRQDGD /D IRUPD FRPSOHWDPHQWH GHVSURWRQDGD GHO IRVIDWR VyOR VH
SXHGHHQFRQWUDUFXDQGRHOS+HVHOHYDGR
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
)LJXUD'LDJUDPDVGHGLVWULEXFLyQGHWHUPLQDGRVD.HQ1D&O
PROGP
/RVVLVWHPDVELROyJLFRVKDFHQXVRGHORVGLIHUHQWHVS.DGHHVWRV
DQLRQHVSDUDFRQVHJXLUXQUHFRQRFLPLHQWRVHOHFWLYRGHHOORV8QHMHPSOR
FODUR VH HQFXHQWUD HQ ODV SURWHtQDV GH XQLyQGH VXOIDWR 6%3 \ IRVIDWR
3%3SUHVHQWHVHQEDFWHULDVILJXUD

)LJXUD5HSUHVHQWDFLyQHVTXHPiWLFDGHODVLQWHUDFFLRQHVSUHVHQWHVHQWUHHO
VXOIDWRL]TXLHUGD\HOKLGURJHQRIRVIDWRGHUHFKDFRQORVFHQWURVDFWLYRVGHODV
FRUUHVSRQGLHQWHVSURWHtQDVWUDQVSRUWGRUDV63%FRGH63%\3%3FRGH,;+
$PEDVSURWHtQDVVRQUHVSRQVDEOHVGHOWUDQVSRUWHGHORVUHVSHFWLYRV
DQLRQHVDWUDYpVGHOHVSDFLRSHULSOiVPLFRXQDYH]KDQSDVDGRODPHPEUDQD
H[WHUQDGHODFpOXODSRUWUDQVSRUWHSDVLYR0LHQWDVTXHODXQLyQHQWUHHO
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VXOIDWR\HOFHQWURDFWLYRGH ODSURWHtQDVH OOHYDDFDERVyORD WUDYpVGH
HQODFHGHKLGUyJHQRGDGRUHV HO KLGUyJHQRSUHVHQWH HQ HO+32 SXHGH
IRUPDUXQHQODFHGHKLGUyJHQRGDGRUH[WUDFRQHOFHQWURDFWLYRGHOD3%3
(VWDFDUDFWHUtVWLFDGLIHUHQFLDOVHSXHGHXWLOL]DUWDPELpQHQORVUHFHSWRUHV
DQLyQLFRVVLQWpWLFRVSDUDORJUDUXQUHFRQRFLPLHQWRVHOHFWLYRGHXQDHVSHFLH
IUHQWHDRWUDLQWURGXFLHQGRHOHPHQWRVGLVFULPLQDGRUHVGHFDUJDHQHOGLVHxR
GHOUHFHSWRU

8QLGDGHVHVFXDUDPLGDSDUDHOUHFRQRFLPLHQWRDQLyQLFR
6L QRV FHQWUDPRV HQ HO UHFRQRFLPLHQWR DQLyQLFR HQ GLVROYHQWHV
SRODUHVHOGLVHxRGHUHFHSWRUHVVHKDEDVDGRHQODVtQWHVLVGHPROpFXODV
TXHSUHVHQWDQXQJUDQQ~PHURGHFDUJDVSRVLWLYDV(QHVWHVHQWLGRODFDUJD
SXHGH VHU LQWURGXFLGD GH YDULDV PDQHUDV R ELHQ VH SXHGHQ HPSOHDU
OLJDQGRVTXHDOS+GHWUDEDMRWHQJDQP~OWLSOHVFDUJDVSRVLWLYDVGHPDQHUD
TXHIDYRUH]FDQODVLQWHUDFFLRQHVHOHFWURVWiWLFDVFRQHODQLyQRVHSXHGH
IDYRUHFHUHVWHWLSRGHLQWHUDFFLRQHVPHGLDQWHODLQWURGXFFLyQGHXQFDWLyQ
VLHQGR HO FRPSOHMR PHWiOLFR HO UHVSRQVDEOH GHO UHFRQRFLPLHQWR 6LQ
HPEDUJRDGHPiVGHODVLQWHUDFFLRQHVHOHFWURVWiWLFDVH[LVWHQRWURWLSRGH
IXHU]DVQRFRYDOHQWHVDWUDYpVGHODVFXDOHVSXHGHDOFDQ]DUVHXQDXQLyQFRQ
HOVXVWUDWRGHPDQHUDPX\HILFD]FRPRVRQODVLQWHUDFFLRQHVKLGUyIREDV
ODVIXHU]DVGHYDQGHU:DDOVODVLQWHUDFFLRQHVGHWLSRS\SRU~OWLPRORV
HQODFHVGHKLGUyJHQR
(Q HVWH VHQWLGR HO JUXSR HVFXDUDPLGD VHSXHGH FRQVLGHUDU FRPR
XQLGDGLQGHSHQGLHQWHFRPRODDPLGDGHULYDGDGHOiFLGRHVFXiULFR6LVH
SRQHHVSHFLDODWHQFLyQDVXHVWUXFWXUDHVWDPROpFXODSXHGHDFWXDUFRPR
GDGRU\DFHSWRUGHHQODFHVGHKLGUyJHQRHVTXHPD
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
(VTXHPD(TXLOLEULRGHODVFRQIRUPDFLRQHVGHODXQLGDGHVFXDUDPLGD\VXV
IRUPDVGHUHVRQDQFLD]ZLWHULRQLFD
/D IRUPDFLyQ GH HQODFHV GH KLGUyJHQR LQFUHPHQWD HO FDUiFWHU
DURPiWLFRGHODPROpFXODGHODTXHIRUPDSDUWH$GHPiVVLORVHQODFHVGH
KLGUyJHQRRFXUUHQHQORVJUXSRVFDUERQLORVHSURGXFHXQDSRODUL]DFLyQHQ
ODHVFXDUDPLGDTXHLQFUHPHQWDODFDUJDSDUFLDOSRVLWLYDVREUHORV1+VGH
PDQHUDTXHVHDXPHQWDVXFDSDFLGDGGHJUXSRGDGRU(VWHWLSRGHDPLGDV
VRQ FDSDFHV GH WUDQVPLWLU ORV HIHFWRV HOHFWUyQLFRV D WUDYpV GH WRGR VX
VLVWHPDGHHQODFHVFRQMXJDGRVORTXHSHUPLWHXQDGHVORFDOL]DFLyQGHOSDU
GH HOHFWURQHV VROLWDULR GHO QLWUyJHQR HQ HO DQLOOR GH FXDWUR PLHPEURV
REWHQLpQGRVHDVtODVIRUPDVGHUHVRQDQFLD]ZLWHULyQLFDVTXHVHYHQHQHO
HVTXHPD(VWDVFDUDFWHUtVWLFDVHVWUXFWXUDOHVVRQODVUHVSRQVDEOHVGHOD
DOWD FDSDFLGDG TXH WLHQHQ ODV HVFXDUDPLGDV SDUD IRUPDU SXHQWHV GH
KLGUyJHQR/DURWDFLyQGHOHQODFH&1VHHQFXHQWUDUHVWULQJLGR\FRPR
FRQVHFXHQFLDFRQXQDXQLGDGGHFLFOREXWHQRGLRQDFRPRHVTXHOHWRUtJLGR
$FHSWRUHQODFHV+
'DGRUHQODFHV+
'DGRUDFHSWRU
HQODFHV+
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ORVGRVKLGUyJHQRVTXHIRUPDQSDUWHGHODDPLGDVHHQFXHQWUDQRULHQWDGRV
DORODUJRGHOSODQRGHHVWDXQLGDG\SXHGHQSDUWLFLSDUHQHOUHFRQRFLPLHQWR
DQLyQLFRDWUDYpVGHHQODFHVGHKLGUyJHQR
(QODV~OWLPDVGpFDGDVVHKDHPSH]DGRDWUDEDMDUFRQPROpFXODV
QHXWUDVFRPRUHFHSWRUHVDQLyQLFRVXWLOL]DQGRHQODFHVGHKLGUyJHQRFRPR
SULQFLSDOIXHU]DGHXQLyQHQWUHHOUHFHSWRU\HOVXVWUDWR6LQHPEDUJRSDUD
TXHHVWRV UHFHSWRUHVSXHGDQ OOHYDUDFDERXQ UHFRQRFLPLHQWRHILFD] ORV
HVWXGLRV VHKDQ WHQLGRTXH UHDOL]DU HQPHGLRVDSRODUHVRHQPH]FODVGH
GLVROYHQWHVRUJiQLFRVFRQXQEDMRSRUFHQWDMHGHDJXD(QHOHVTXHPD
VHPXHVWUDQYDULRV OLJDQGRVTXHFRQWLHQHQXQLGDGHVGHHVFXDUDPLGD(Q
ORV GRV SULPHURV KD VLGR QHFHVDULR HO XVR GH PHWDQRO \ PH]FODV GH
DJXDHWDQROSDUDOOHYDUDFDERORVHVWXGLRVPLHQWUDVTXHHQHO~OWLPRFDVR
VHKDQUHDOL]DGRHQ'0623RUORWDQWRD~QHVQHFHVDULRXQPD\RUDYDQFH
HQODVtQWHVLVGHUHFHSWRUHVHVFXDUDPtGLFRVFDSDFHVGHUHFRQRFHUDQLRQHV
HQDJXDSXUD

(VTXHPD(VWUXFWXUDVRUJiQLFDVGHGLIHUHQWHVOLJDQGRVHVFXDUDPtGLFRVSDUD
HOUHFRQRFLPLHQWRDQLyQLFR



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5HFHSWRUHVKtEULGRV
(Q HO HVTXHPD  VH PXHVWUD OD HVWUXFWXUD GH ORV PDWHULDOHV
KtEULGRV XWLOL]DGRV HQ HVWH WUDEDMR /D VtQWHVLV VH KD OOHYDGR D FDER HQ
FRODERUDFLyQFRQHOJUXSRGH4XtPLFD6XSUDPROHFXODUGHOD8QLYHUVLGDG
GHODV,VODV%DOHDUHV(QSULPHUOXJDUVHKDQSUHSDUDGRORVVLVWHPDV%6T1
\06T1(VWRGRV VLVWHPDVVHGLIHUHQFLDQHQHO WLSRGHQDQRSDUWtFXODV
HPSOHDGDV(QHOFDVRGHOD%6T1ODVQDQRSDUWtFXODVHVWiQIRUPDGDVSRU
$O22+FULVWDOLQRERKHPLWD%PLHQWUDVTXHHQHOFDVRGHOD06T1
HO VRSRUWH LQRUJiQLFR WLHQH XQD DUTXLWHFWXUD GH Q~FOHRHQYROWXUD GH
FRPSRVLFLyQERKHPLWDVtOLFDDPRUID06HKDFDPELDGRHOVRSRUWHSDUD
SRGHUHVWXGLDUSRUXQODGRVLKD\FDPELRVHQODHWDSDGHIXQFLRQDOL]DFLyQ
\SRURWURFRQRFHUVLODQDWXUDOH]DTXtPLFDGHODVXSHUILFLHSXHGHDIHFWDU
DOSURFHVRGHGHWHFFLyQGHORVVXVWUDWRV

(VTXHPD(VWUXFWXUDGHORVPDWHULDOHVKtEULGRV%6T1\06T1
VLQWHWL]DGRV
8QD YH] VH OOHYy D FDER HVWH HVWXGLR ODV QDQRSDUWtFXODV VH
IXQFLRQDOL]DURQFRQGLIHUHQWHVWLSRVGHPROpFXODVSDUDSRGHUUHDOL]DUXQ
HVWXGLRGHOWLSRGHIXHU]DVTXHVRQSUHGRPLQDQWHVHQGLFKDGHWHFFLyQ3DUD
HOORVHKDYDULDGRHOQ~PHURGHXQLGDGHVHVFXDUDPtGLFDV6T\HOWLSRGH
FDUJD SUHVHQWH \D VHD XQD FDUJD SRVLWLYD TXH SURYLHQH GH XQD DPLQD
FXDWHUQL]DGD1RGHXQDDPLQDSULPDULDSURWRQDGD1+$SDUWLUGH
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GDWRVELEOLRJUiILFRVVHKDGHFLGLGRXWLOL]DU\RGXURFRPRFRQWUDLRQGHELGR
D TXH OD IRUPDFLyQ GH SDUHV LyQLFRV HQ GLVROYHQWHV SUyWLFRV HV
SUiFWLFDPHQWHGHVSUHFLDEOHHQHO LQWHUYDORGHFRQFHQWUDFLRQHVXVDGDVHQ
HVWHWUDEDMR015
$GLIHUHQFLDGHORVHVWXGLRVTXHVHSUHVHQWDQHQHVWDWHVLVGRFWRUDO
ORV PDWHULDOHV KtEULGRV TXH VH KDQ VLQWHWL]DGR QR FRQWLHQHQ QLQJ~Q
IOXRUyIRURSRUORTXHODVHxDOL]DFLyQGHOUHFRQRFLPLHQWRVHKDOOHYDGRD
FDERPHGLDQWHXQHQVD\RGHGHVSOD]DPLHQWRFRORULPpWULFR

6HOHFFLyQGHOLQGLFDGRUFURPRJpQLFR
'HVSXpV GH UHDOL]DU XQD UHYLVLyQ GH ORV SRVLEOHV LQGLFDGRUHV VH
GHFLGLy XWLOL]DU XQ LQGLFDGRU iFLGREDVH FRQRFLGR FRPR HV HO YHUGH GH
EURPRFUHVRO 9% TXH FXPSOH GH PDQHUD VDWLVIDFWRULD ORV UHTXLVLWRV
HOHJLGRV
x $EVRUFLyQ(VUHFRPHQGDEOHTXHSUHVHQWHXQDHOHYDGDLQWHQVLGDG
GHDEVRUFLyQHQOD]RQDXOWUDYLROHWDYLVLEOHFRQSUHIHUHQFLDKDFLD
HOYLVLEOH
x 6ROXELOLGDG'HEHVHUVROXEOHHQHOPHGLRDFXRVRWDPSRQDGRHQHO
TXHVHTXLHUHKDFHUODVPHGLGDV
x &DUiFWHUiFLGREDVH8QSXQWRDWHQHUHQFXHQWDHVHOLQWHUYDORGH
S+ HQ HO TXH LQGLFDGRU WLHQH VX YLUDMH \D TXH FRPR VH KD
FRPHQWDGRDQWHULRUPHQWH ORVDQLRQHVVXOIDWR\IRVIDWRSUHVHQWDQ
XQDFDUJDGLIHUHQWHHQIXQFLyQGHOS+GHOPHGLR(QHVWHVHQWLGR
\ GDGR TXH XQR GH ORV REMHWLYRV GH HVWH WUDEDMR HV HO
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UHFRQRFLPLHQWR VHOHFWLYR GH VXOIDWR VH KD GHFLGLGR HOHJLU XQ
LQGLFDGRUTXHSUHVHQWHVXYLUDMHDS+ViFLGRV
x &RQVWDQWH GH DVRFLDFLyQ 6H KD FRPSUREDGR TXH ORV UHFHSWRUHV
EDVDGRV HQ XQLGDGHV HVFXDUDPtGLFDV SUHVHQWDQ XQD HOHYDGD
FRQVWDQWHGH DVRFLDFLyQ IUHQWH DJUXSRV FDUER[LODWR VXOIRQDWR\
DQiORJRV SRU OR TXH HV UHFRPHQGDEOH TXH HO LQGLFDGRU WHQJD
DOJXQR GH HVWRV JUXSRV SDUD DVHJXUDU OD LQWHUDFFLyQ UHFHSWRU
LQGLFDGRU
x &RQWURO GH S+ (O KHFKR GH WUDEDMDU HQ GLVROXFLyQ DFXRVD KDFH
QHFHVDULR XQ FRQWURO ULJXURVR GHO S+ SDUD DVHJXUDUVH TXH ORV
FDPELRVTXHVHREVHUYDQVHGHEHQDXQSURFHVRGHUHFRQRFLPLHQWR
GHOVXVWUDWR$GHPiVHOKHFKRGHWUDEDMDUHQXQPHGLRWDPSRQDGR
VLUYH SDUD HO FRQWURO GH OD IXHU]D LyQLFD OR TXH HV LPSRUWDQWH
FXDQGRVHWUDEDMDFRQDQLRQHVHQPHGLRVDFXRVRV
(QODILJXUDVHPXHVWUDODHVWUXFWXUD\HOHTXLOLEULRiFLGREDVH
GHO9%(VWH LQGLFDGRU WLHQHXQ LQWHUYDORGHYLUDMHGHDHQDJXD
SXUD(OLQGLFDGRUWLHQHXQJUXSRVXOIRQDWR\XQJUXSRIHQyOLFRTXHYDQD
VHU ORV PD\RUHV UHVSRQVDEOHV WDQWR GH OD LQWHUDFFLyQ FRQ HO JUXSR
HVFXDUDPLGDFRPRGHOFDPELRGHFRORUGHDPDULOORDD]XO

)LJXUD(TXLOLEULRiFLGREDVHGHO9%\FDPELRVGHFRORUTXHVHREVHUYDQ
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,QLFLDOPHQWH VH UHJLVWUDURQ ORV HVSHFWURV XOWUDYLROHWDYLVLEOH
89YLVGHODVGRVIRUPDVGHOLQGLFDGRUTXHSDUWLFLSDQHQHOSURFHVR(O
9%HQVXIRUPDiFLGDSUHVHQWDXQDFRORUDFLyQDPDULOODFRQXQDEDQGDGH
DEVRUFLyQFHQWUDGDDQP/DGHVSURWRQDFLyQGHODXQLGDGIHQyOLFDGHO
9%SDUDGDUODIRUPDEiVLFDGLDQLyQLFDD]XOFRQHVWUXFWXUDGHVHPLTXLQRQD
FRQFRQMXJDFLyQH[WHQGLGDSUHVHQWDXQPi[LPRGHDEVRUFLyQDQP$
ODKRUDGHHOHJLUHOS+GHWUDEDMRVHUHJLVWUDURQORVHVSHFWURVGHDEVRUFLyQ
GHOLQGLFDGRUSDUDYDULRVYDORUHVGHS+VILJXUD3DUDOOHYDUDFDERODV
PHGLGDVVHHVFRJLyXQS+ \DTXHHVSUy[LPRDVXLQWHUYDORGHYLUDMH
\DGHPiVSUHVHQWDODIRUPDiFLGDDPDULOODGHPDQHUDSUHGRPLQDQWHVREUH
ODIRUPDEiVLFDGHFRORUD]XO

)LJXUD(VSHFWURGHDEVRUFLyQGHO9%DGLIHUHQWHVS+V

,QWHUDFFLyQGHORVPDWHULDOHVKtEULGRVFRQHOLQGLFDGRUYHUGHGH
EURPRFUHVRO
$SDUWLUGHODFDUDFWHUL]DFLyQGHORVPDWHULDOHVKtEULGRVVHFDOFXOyHO
Q~PHURGHPROpFXODVGHUHFHSWRUHVFXDUDPtGLFRSUHVHQWHHQODVXSHUILFLH
Nanopartículas de bohemita para la detección de sulfato en agua. 

GHODVQDQRSDUWtFXODV\DFRQWLQXDFLyQVHFRPSUREyVLQXHVWURVVLVWHPDV
HUDQFDSDFHVGHUHFRQRFHUDOLQGLFDGRUHQGLVROXFLyQDFXRVD(QODILJXUD
VHSXHGHYHUDPRGRGHHMHPSORODYDULDFLyQGHOHVSHFWUR89YLVGHO
LQGLFDGRU DO DxDGLU FDQWLGDGHV FUHFLHQWHV GH XQD GLVROXFLyQ FRORLGDO GH
QDQRSDUWtFXODVIXQFLRQDOL]DGDV/DDGLFLyQGHOUHFHSWRUKtEULGRSURYRFDOD
GLVPLQXFLyQGHODEDQGDGHDEVRUFLyQFHQWUDGDDQPSURSLDGHODIRUPD
iFLGDGHO9%\DODYH]XQDXPHQWRGHODEDQGDDQPFRUUHVSRQGLHQWH
DODIRUPDEiVLFDIHQRODWRGHOLQGLFDGRU6HSXHGHREVHUYDUDGHPiVOD
SUHVHQFLDGHXQSXQWRLVRVEpVWLFRVLWXDGRDQPFRUUHVSRQGLHQWHDOD
SUHVHQFLDGHGRVIRUPDVDFWLYDVTXHVHHQFXHQWUDQHQHTXLOLEULR'DGRTXH
HOVLVWHPDVHHQFXHQWUDWDPSRQDGRORVFDPELRVTXHVHREVHUYDQVHGHEHQ
DWULEXLUDXQSURFHVRGHFRPSOHMDFLyQVHOHFWLYRSDUDODIRUPDGLDQLyQLFD
GHOLQGLFDGRUTXHKDFHTXHVHGHVSODFHHOHTXLOLEULRKDVWDHVWDIRUPDOR
TXHVHWUDGXFHHQXQDXPHQWRGHFRQFHQWUDFLyQ\SRUORWDQWRXQDXPHQWR
GHVXEDQGDGHDEVRUFLyQFDUDFWHUtVWLFD

)LJXUD(VSHFWURREWHQLGRHQODYDORUDFLyQGH9%IUHQWHDFDQWLGDGHV
FUHFLHQWHVGH%6T1
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6HUHDOL]yHOPLVPRSURFHVRSDUDHOVLVWHPD06T1'DGRTXHHQ
HVWRVGRVVLVWHPDVODSDUWHRUJiQLFDHVODPLVPDVHSXHGHQFRPSDUDUORV
UHVXOWDGRVREWHQLGRVSDUDYHUVLHQHIHFWRODFRPSRVLFLyQTXtPLFDGHOD
VXSHUILFLHGHODVQDQRSDUWtFXODVWLHQHDOJ~QHIHFWR(QODILJXUDVHKD
UHSUHVHQWDGRHOPi[LPRGHDEVRUFLyQGHODVGRVIRUPDVGHOLQGLFDGRUHQ
IXQFLyQGHODFDQWLGDGGHPDWHULDOKtEULGRDxDGLGR(QORVGRVVLVWHPDVVH
REVHUYDXQUHFRQRFLPLHQWRGHOLQGLFDGRUDXQTXHFRQSHTXHxDVGLIHUHQFLDV
/DDEVRUFLyQGHODIRUPDiFLGDGHO9%GLVPLQX\HSDUDORVGRVVLVWHPDV
VLQHPEDUJRHODXPHQWRGHODLQWHQVLGDGGHODIRUPDEiVLFDHVPHQRUHQHO
FDVRGHODVQDQRSDUWtFXODVGHWLSRQ~FOHRHQYROWXUD(VWRSXHGHVHUGHELGR
DTXHHQHVWDV~OWLPDVODVXSHUILFLHHVWiFRPSXHVWDSRUXQPDWHULDODPRUIR
TXHSRUXQDSDUWHGLILFXOWDHQFLHUWDPHGLGDHOSURFHVRGHIXQFLRQDOL]DFLyQ
\SRURWUDSXHGHGHDOJXQDPDQHUDGLILFXOWDUHO DFFHVRGHO LQGLFDGRUDO
UHFHSWRU3RUHOORSDUDHOUHVWRGHVLVWHPDVKtEULGRVVLQWHWL]DGRVVHHVFRJLy
ODERKHPLWDFRPRVRSRUWH

)LJXUD&DPELRVHQODDEVRUFLyQGHOLQGLFDGRUDODxDGLUFDQWLGDGHVFUHFLHQHV
GH%6T1\06T1
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6LVHSUHVWDXQSRFRGHDWHQFLyQDODPROpFXODRUJiQLFDSUHVHQWHHQ
HOVLVWHPD%6T1VHSXHGHGLVWLQJXLUGRV]RQDVSRVLEOHVGH LQWHUDFFLyQ
3RU XQDSDUWH VH HQFXHQWUD OD XQLGDG HVFXDUDPtGLFD \ SRU RWUD SDUWH XQ
JUXSRDPRQLRFXDWHUQL]DGR3DUDHVWXGLDUXQSRFRPiVHOHIHFWRGHFDGD
XQDGHHVWDVXQLGDGHVHQHOUHFRQRFLPLHQWRDQLyQLFRVHKDQVLQWHWL]DGRHO
UHVWR GH VLVWHPDV KtEULGRV TXH VH SUHVHQWDQ HQ HO HVTXHPD  6H KD
VLQWHWL]DGR QDQRSDUWtFXODV GH ERKHPLWD TXH FRQWLHQHQ XQ JUXSR DPRQLR
FXDWHUQL]DGR %1 XQ JUXSR HVFXDUDPLGD %6T XQD DPLQD SULPDULD
SURWRQDGD %1+ \ SRU ~OWLPR XQ VLVWHPD GREOH GH HVFXDUDPLGDV \
DPRQLRVFXDWHUQL]DGRV%6T1HQVXVXSHUILFLH(OSULPHUSDVRSDUD
HVWXGLDU HVWRV QXHYRV VLVWHPDV KD VLGR FRPSUREDU TXH VRQ FDSDFHV GH
LQWHUDFFLRQDUFRQHOLQGLFDGRUHQODVPLVPDVFRQGLFLRQHVH[SHULPHQWDOHV
TXHORVVLVWHPDV%6T1\06T1

(VTXHPD(VWUXFWXUDGHOUHVWRGHVLVWHPDVKtEULGRVHVWXGLDGRV
$ H[FHSFLyQ GHO VLVWHPD %1 HO UHVWR GH PDWHULDOHV KtEULGRV
PXHVWUDQODPLVPDWHQGHQFLDGHFDPELRHQODVEDQGDVGHDEVRUFLyQGHOD
IRUPDiFLGD\EiVLFDGHOLQGLFDGRUTXHORVVLVWHPDVDQWHULRUHVILJXUD
$GHPiV WDPELpQ VH KD HQFRQWUDGR XQ GHVSOD]DPLHQWR KLSVRFUyPLFR
PXFKRPiVPDUFDGRGHODEDQGDFHQWUDGDDQPVLHQGRPi[LPDSDUD
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HO VLVWHPD%6T QP\PtQLPD QPSDUD HO VLVWHPD06T1(VWH
GHVSOD]DPLHQWRSXHGHHYLGHQFLDUODIRUPDFLyQGHXQFRPSOHMRTXHQROOHYD
DVRFLDGDXQDPRGLILFDFLyQGHODHVWUXFWXUDGHOFURPyIRURHVGHFLUDGHPiV
GHO HTXLOLEULR GHO VHQVRU KtEULGR FRQ OD IRUPD GLDQLyQLFD GHO 9% HQ
DOJXQRV VLVWHPDV VHSRGUtD LQFOXVRHQFRQWUDUXQHTXLOLEULR FRQ OD IRUPD
PRQRDQLyQLFDGHOLQGLFDGRU

)LJXUD,QWHUDFFLyQGHORVVLVWHPDVKtEULGRV%6T1$

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
)LJXUD,QWHUDFFLyQGHORVVLVWHPDVKtEULGRV%6T%\%1+&FRQHO
9%
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&RPR VH KD FRPHQWDGR DQWHULRUPHQWH FXDQGR VH UHDOL]y OD
YDORUDFLyQGHOLQGLFDGRUFRQHOVLVWHPD%1pVWHQRSURGXMRFDPELRVHQ
HOHVSHFWURGHDEVRUFLyQGHO9%ILJXUD/DDGLFLyQGHQDQRSDUWtFXODV
PRGLILFDGDVFRQJUXSRVDPRQLRFXDWHUQDULRSURGXMR ORVPLVPRVHIHFWRV
TXH OD DGLFLyQ GH QDQRSDUWtFXODV VLQ IXQFLRQDOL]DU FRPR VH DSUHFLD
YLVXDOPHQWH HQ OD ILJXUD  (Q HOOD VH SXHGHQ YHU GLVROXFLRQHV GH
LQGLFDGRUGHLQGLFDGRUPiVQDQRSDUWtFXODVGHERKHPLWDVLQIXQFLRQDOL]DU
GHLQGLFDGRUPiVHOVLVWHPD%1\SRU~OWLPRGHLQGLFDGRUPiVHOVLVWHPD
%6T1+(QXQSULQFLSLRFDEUtDHVSHUDUTXHORVVLVWHPDV%1+\%1
PRVWUDUDQORVPLVPRVUHVXOWDGRVSRUHOKHFKRGHWHQHUXQDFDUJDSRVLWLYD
HQ DPERV FDVRV 6LQ HPEDUJR OD SRVLELOLGDG GH IRUPDU SXHQWHV GH
KLGUyJHQR SRU SDUWH GHO VLVWHPD KtEULGR %1+ KDFH TXH DO ILQDO HO
FRPSRUWDPLHQWRVHDFRPSOHWDPHQWHGLIHUHQWH

)LJXUD9DORUDFLyQGHO9%FRQHOVLVWHPD%1L]TXLHUGDHLPDJHQGHODV
GLVROXFLyQGHLQGLFDGRU\GHLQGLFDGRUPiVERKHPLWD%1\%6T1+



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([SHULPHQWRVGHFRPSHWLFLyQ\GHWHUPLQDFLyQGHODVFRQVWDQWHV
GHDVRFLDFLyQ
8QDYH]VHOHFFLRQDGDVODVFRQGLFLRQHVGHWUDEDMRVHUHDOL]DURQXQD
VHULHGHH[SHULPHQWRVGHFRPSHWLFLyQFRQGLIHUHQWHVDQLRQHVLQRUJiQLFRV
(Q HVWRV H[SHULPHQWRV VH PDQWXYR FRQVWDQWH OD FRQFHQWUDFLyQ GH
QDQRSDUWtFXODVIXQFLRQDOL]DGDV\GHLQGLFDGRU\VHIXHLQFUHPHQWDQGROD
FRQFHQWUDFLyQGHDQLyQ(QHOFDVRGHDQLRQHVFRQHOHYDGDDILQLGDGSRUHO
UHFHSWRUODDGLFLyQSURYRFDXQGHVSOD]DPLHQWRGHO9%FRPSOHMDGRSRUHO
UHFHSWRU \ FRPR FRQVHFXHQFLD VH SURGXFH XQ FDPELR HQ HO HVSHFWUR GH
DEVRUFLyQ KDFLD OD IRUPD iFLGD GHO LQGLFDGRU HV GHFLU FRQIRUPH HO
LQGLFDGRUGHMDGHHVWDUFRPSOHMDGRVHREVHUYDXQDXPHQWRGHLQWHQVLGDG
GHODEDQGDGHDEVRUFLyQFDUDFWHUtVWLFDGHODIRUPDiFLGD\XQDGLVPLQXFLyQ
GHODEDQGDDVLJQDGDDODIRUPDEiVLFDGHOPLVPR0DFURVFySLFDPHQWHHO
UHFRQRFLPLHQWR GHO DQLyQ SUHVHQWH HQ OD GLVROXFLyQ VH REVHUYD SRU XQ
FDPELRGHFRORUDFLyQKDFLDHODPDULOOR
$ FRQWLQXDFLyQ VH PXHVWUDQ ORV UHVXOWDGRV REWHQLGRV SDUD ORV
HQVD\RVGHGHVSOD]DPLHQWRGHOVLVWHPD%6T1FRQORVDQLRQHVVXOIDWR\
FLDQXURILJXUD0LHQWUDVTXHHQODYDORUDFLyQUHDOL]DGDFRQDQLRQHV
VXOIDWRVHSXHGHREVHUYDUXQDGLVPLQXFLyQGHODLQWHQVLGDGGHDEVRUFLyQ
GH OD IRUPD EiVLFD \ XQ DXPHQWR GH OD IRUPD iFLGD GHO LQGLFDGRU DO LU
DxDGLHQGRFRQFHQWUDFLRQHVFUHFLHQWHVGHDQLyQQRSDVDORPLVPRFXDQGR
ODYDORUDFLyQVHOOHYDDFDERFRQDQLyQFLDQXUR(VWRLQGLFDTXHHODQLyQ
VXOIDWRHVFDSD]GHFRRUGLQDUVHDOUHFHSWRUHVFXDUDPtGLFR\GHVSOD]DUDOD
IRUPDEiVLFDGHO9%PLHQWUDVTXHHOFLDQXURQR

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
)LJXUD(QVD\RVGHGHVSOD]DPLHQWRUHDOL]DGRVVREUHHOVLVWHPD9%%6T1\
ORVDQLRQHVVXOIDWR$\FLDQXUR%
/RV HIHFWRV HQ ODV YDORUDFLRQHV FRQ HO UHVWR GH DQLRQHV VRQPX\
SDUHFLGRVSRU ORTXHSDUDSRGHU FRPSDUDU ORV UHVXOWDGRVREWHQLGRVSDUD
WRGRVORVDQLRQHVGHPDQHUDHILFD]VHKDUHSUHVHQWDGRODUHODFLyQHQWUHHO
Pi[LPRSLFR\HOPtQLPRYDOOHFRUUHVSRQGLHQWHDODIRUPDEiVLFDGHO
9%IUHQWHDODFRQFHQWUDFLyQGHDQLyQ(VWHWLSRGHUHSUHVHQWDFLyQSHUPLWH
FRPSDUDUUHVXOWDGRVHYLWDQGRORVHUURUHVGHELGRVDORVSRVLEOHVHIHFWRVGH
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GLOXFLyQGHODVPXHVWUDVDGHPiVGHORVGHVSOD]DPLHQWRVGHORVPi[LPRV
GHDEVRUFLyQ(QODILJXUDVHPXHVWUDQORVUHVXOWDGRVSDUDHOVLVWHPD
%6T1\06T1&RPRVHSXHGHREVHUYDUHQODVJUiILFDVQLQJXQRGHORV
DQLRQHVPRQRYDOHQWHVHVFDSD]GHGHVSOD]DUDO9%GHQXHYRDODGLVROXFLyQ
H[FHSWR HO DQLyQ GLKLGURJHQRIRVIDWR (O DQLyQ VXOIDWR HV HO ~QLFR TXH
SURGXFHXQLPSRUWDQWHGHVFHQVRGHODEDQGDVLWXDGDDQP3RUORWDQWR
VH SXHGH DILUPDU TXH VH KD GHVDUUROODGR XQ VHQVRU KtEULGR FDSD] GH
VHOHFFLRQDU VXOIDWR VREUH IRVIDWRGHPDQHUD VHOHFWLYDHQ ODV FRQGLFLRQHV
H[SHULPHQWDOHVGHWUDEDMR

)LJXUD&DPELRVHQORVHVSHFWURVGHDEVRUFLyQGHOVLVWHPD9%%6T1$\
9%06T1%WUDVODDGLFLyQGHFDQWLGDGHVFUHFLHQWHVGHGLIHUHQWHVDQLRQHV
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$XQTXHODWHQGHQFLDHVODPLVPDSDUDORVGRVVLVWHPDVVHSXHGHQ
DSUHFLDUOHYHVGLIHUHQFLDVHQODH[WHQVLyQRDOFDQFHGHOUHFRQRFLPLHQWR$
SHVDUGHVHUHOPLVPROLJDQGRHVFXDUDPtGLFRpVWHVHHQFXHQWUDORFDOL]DGR
VREUH QDQRSDUWtFXODV FX\D QDWXUDOH]D HV GLIHUHQWH \D TXH HQ HO FDVR GH
%6T1 OD VXSHUILFLH HVWi IRUPDGDSRU JDPPDR[RKLGUy[LGRGH DOXPLQR
FULVWDOLQR\HQHOFDVRGHOVLVWHPD06T1ODVXSHUILFLHHVGHVtOLFDDPRUID
3RU HOOR VHSXHGHFRQFOXLUTXH ODVQDQRSDUWtFXODV MXHJDQXQSDSHOPX\
LPSRUWDQWH HQ HO GLVHxRGH VHQVRUHV KtEULGRV\ VX IXQFLyQQR VH UHGXFH
~QLFDPHQWHDODGHVHUHOVRSRUWHGHODVPROpFXODVRUJiQLFDV
$SDUWLUGHORVUHVXOWDGRVREWHQLGRVGHODQiOLVLVHOHPHQWDOVHSXHGH
FRQRFHU OD FDQWLGDG GH PDWHULD RUJiQLFD DQFODGD D OD VXSHUILFLH GH OD
ERKHPLWDSRUORTXHHVSRVLEOHHVWLPDUXQDFRQVWDQWHGHLQWHUDFFLyQHQWUH
HOPDWHULDOKtEULGR\ORVDQLRQHVHVWXGLDGRVVXSRQLHQGRXQDHVWHTXLRPHWUtD
%6T1DQLyQ/DHOHFFLyQGHHVWDHVWHTXLRPHWUtDVHGHGXFHGHWUDEDMRV
DQWHULRUHVHQ ORVTXHQDQRSDUWtFXODVGHERKHPLWDVHIXQFLRQDOL]DURQFRQ
XQLGDGHV DQWUDFHQR &XDQGR HVWRV VLVWHPDV VH HVWXGLDURQ PHGLDQWH
HVSHFWURVFRStDGHIOXRUHVFHQFLDQRVHREVHUYyODIRUPDFLyQGHH[FtPHURV
HVWiWLFRVORTXHLQGLFDTXHODVPROpFXODVRUJiQLFDVHVWiQVHSDUDGDVFLHUWD
GLVWDQFLD XQDV GH RWUDV HQ OD VXSHUILFLH VyOLGD 0HGLDQWH HO SURJUDPD
+<3(548$'VHSXGLHURQGHWHUPLQDUORVORJDULWPRVGHODVFRQVWDQWHVGH
DVRFLDFLyQ SDUD ORV DQLRQHV HQ ORV TXH VH REVHUYDED UHFRQRFLHPLQWR
REWHQLHQGRXQORJ. SDUDHODQLyQVXOIDWR\XQORJ. 
SDUD OD LQWHUDFFLyQ FRQ GLKLGURJHQRIRVIDWR ORV YDORUHV HQWUH SDUpQWHVLV
LQGLFDQ ODV GHVYLDFLRQHV HVWiQGDU HQ OD ~OWLPD FLIUD VLJQLILFDWLYD (O
FRFLHQWHHQWUHHVWDVGRVFRQVWDQWHVLQGLFDTXHHOVLVWHPD%6T1WLHQHXQD
VHOHFWLYLGDG GH VXOIDWR VREUH GLKLGURJHQRIRVIDWR GH  YHFHV (VWH
FRPSRUWDPLHQWRVHSXHGHH[SOLFDUWHQLHQGRHQFXHQWDTXHODFDUJDHQHO
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IRVIDWR\HO VXOIDWRHVGLIHUHQWH DS+0LHQWUDVTXHHO VXOIDWRHVXQ
GLDQLyQHOIRVIDWRVHSUHVHQWDFRPRPRQRDQLyQ6LQHPEDUJRTXHGDSRU
DFODUDU SRUTXH PLHQWUDV HO UHVWR GH DQLRQHV PRQRYDOHQWHV QR FRQVLJXH
GHVSOD]DU DO LQGLFDGRU GHO UHFHSWRU KtEULGR HO GLKLGURJHQRIRVIDWR Vt OR
FRQVLJXH8QDSRVLEOHH[SOLFDFLyQUHVLGHHQODKDELOLGDGGHHVWHDQLyQSDUD
DFWXDUFRPRGDGRUGHHQODFHVGHKLGUyJHQR
3DUD HYDOXDU OD YLDELOLGDGGH HVWH SURFHGLPLHQWR H[SHULPHQWDO VH
UHDOL]DURQ HQVD\RV FRPSOHPHQWDULRV GH UHFRQRFLPLHQWR GH iFLGRV
GLFDUER[tOLFRV\WULFDUER[tOLFRVFRQHOVLVWHPD%6T1HVTXHPD

(VTXHPD(VWUXFWXUDRUJiQLFDGHORViFLGRVHVWXGLDGRV
(QODILJXUDVHPXHVWUDQORVUHVXOWDGRVREWHQLGRVSDUDORViFLGRV
PDOyQLFR PDOR PDOHLFR PDO ORV LVyPHURV GH ORV iFLGRV  \
EHQFHQR WULFDUER[tOLFRV %7&\%7&UHVSHFWLYDPHQWH
HOiFLGRFtWULFR&,7\HOiFLGRDFpWLFR
&RPRFDEHHVSHUDUHOiFLGRDFpWLFRQRSURGXFHQLQJ~QFDPELRHQ
ODHPLVLyQGHODIRUPDEiVLFDGHOLQGLFDGRUPLHQWUDVTXHHOiFLGRPDOyQLFR
&+&22+
Ácidoacético ÁcidomalónicoÁcidocítrico
Ác.1,2,3bencenotricarboxílicoÁcidomaleico
&22+
&22+
&22+
Ác.1,2,4bencenotricarboxílico
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\PDOHLFRSURGXFHQODVPLVPDVYDULDFLRQHV/RViFLGRVWULFDUER[tOLFRVVRQ
ORVTXHSURGXFHQXQDPD\RUYDULDFLyQHQHOHVSHFWUR89YLVGHO9%

)LJXUD&DPELRVHQORVHVSHFWURVGHDEVRUFLyQGHO6LVWHPD9%%6T17UDV
ODDGLFLyQGHGLIHUHQWHVDQLRQHVFDUER[tOLFRV
(QSULQFLSLRVHHVSHUDUtDXQDFRUUHODFLyQGHORVUHVXOWDGRVFRQOD
FDUJD QHWD GH ORV VXVWUDWRV DO LJXDO TXH VXFHGtD HQ ORV H[SHULPHQWRV
DQWHULRUHV6LQHPEDUJRFXDQGRVHFDOFXODODFDUJDQHWDGHORVDQLRQHVD
SDUWLUGHODWDEODQRVHQFRQWUDPRVFRQXQDVLWXDFLyQGLIHUHQWH$S+
WRGRVORVVXVWUDWRVSUHVHQWDQFDUJDSHURH[KLEHQGLIHUHQWHUHVSXHVWD
HQORVHQVD\RVGHGHVSOD]DPLHQWR(VWRVUHVXOWDGRVKDFHQTXHVHDQHFHVDULR
GH QXHYR WHQHU HQ FXHQWD GLYHUVRV DVSHFWRV FRPR ODV HQHUJtDV GH
KLGUDWDFLyQGHORVDQLRQHVODFDSDFLGDGGHIRUPDUHQODFHVGHKLGUyJHQRR
HQGHILQLWLYDHOSDSHODFWLYRTXHODVQDQRSDUWtFXODVWLHQHQHQHOSURFHVRGH
GHWHFFLyQDQLyQLFD


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7DEOD&RQVWDQWHV GH EDVLFLGDG GH YDULRV GH ORV DQLRQHV XWLOL]DGRV HQ HVWH
WUDEDMR
5HDFFLyQ 0DOR 0DO &,7 
%7&

%7&
+32 62
+$'+$ D D E E F D D
++$'+$       
++$'+$       
D 'DWRV WRPDGRV GH $ (0DUWHOO 500RWHNDLWLV 1,67 &ULWLFDOO\ 6HOHFWHG
6WDELOLW\&RQVWDQWVRI0HWDO&RPSOH[HV'DWDEDVH1,676WDQGDUG5HIHUHQFH'DWDEDVH
9HUVLRQ
E $%HQFLQL$%LDQFKL0,%XUJXHWH(*DUFLD(VSDxD69/XLVDQG-$
5DPLUH]-$P&KHP6RF

(YROXFLyQGHORVVLVWHPDVKtEULGRV
(Q EDVH D ORV UHVXOWDGRV REWHQLGRV VH GHFLGLy VLQWHWL]DU XQD
YDULHGDGGHOLJDQGRVRUJiQLFRVHQORVTXHYDULDEDHOWLSR\HOQ~PHURGH
SXQWRVGHXQLyQ$FRQWLQXDFLyQVHGLVFXWHQORVUHVXOWDGRVREWHQLGRVSDUD
ORV HQVD\RVGHGHVSOD]DPLHQWR FRQ ORVGLIHUHQWHV DQLRQHV HVWXGLDGRV$
GLIHUHQFLDGHORVDQWHULRUHVVLVWHPDVVHSXHGHREVHUYDUXQDGLVPLQXFLyQ
GHODLQWHQVLGDGGHDEVRUFLyQGHODIRUPDEiVLFD\XQDXPHQWRGHODIRUPD
iFLGD GHO LQGLFDGRU HQ PD\RU R PHQRU PHGLGD DO LU DxDGLHQGR
FRQFHQWUDFLRQHV FUHFLHQWHV GH DQLyQ HQ WRGDV ODV YDORUDFLRQHV OR TXH
LQGLFDUtD TXH HQ WRGRV ORV FDVRV KD\ XQLyQ GHO DQLyQ DO UHFHSWRU
HVFXDUDPtGLFRGHVSOD]DQGRDO9%6LQHPEDUJRQRVRQORV~QLFRVFDPELRV
TXHVHSXHGHQREVHUYDUHQORVHVSHFWURVGHDEVRUFLyQ\DTXHSDUDDTXHOORV
VLVWHPDV HQ ORV TXH VH SURGXFH XQ UHFRQRFLPLHQWR HILFD] GHO DQLyQ
HVWXGLDGR VH REVHUYD XQD UHFXSHUDFLyQ GHOPi[LPR GH DEVRUFLyQ GH OD
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IRUPDiFLGDGHOLQGLFDGRUUHYLUWLHQGRHOGHVSOD]DPLHQWRKLSVRFUyPLFRTXH
VH REVHUYDED HQ XQ SULQFLSLR /D ILJXUD  PXHVWUD ODV YDORUDFLRQHV
UHDOL]DGDVSDUDHOVLVWHPD%6TDPRGRGHHMHPSOR


)LJXUD(QVD\RVGHGHVSOD]DPLHQWRUHDOL]DGRVVREUHHOVLVWHPD9%%6T
FRQGLIHUHQWHVDQLRQHV

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

)LJXUD(QVD\RVGHGHVSOD]DPLHQWRUHDOL]DGRVVREUHHOVLVWHPD9%%6T
FRQGLIHUHQWHVDQLRQHV
(Q OD ILJXUD  VH PXHVWUDQ FRPR HMHPSOR LPiJHQHV GH ODV
GLVROXFLRQHV WUDV ODV YDORUDFLRQHV FRQ ORV DQLRQHV SDUD HO VLVWHPD 9%
%1+'HL]TXLHUGDDGHUHFKDDSDUHFHODGLVROXFLyQLQLFLDOGHLQGLFDGRU
OD GLVROXFLyQ GH LQGLFDGRU PiV HO VLVWHPD KtEULGR \ D SDUWLU GH DKt HO
VLVWHPD9%%1+WUDVODDGLFLyQGHORVGLIHUHQWHVDQLRQHVHPSOHDGRVHQ
HVWHHVWXGLR

)LJXUD,PDJHQGHODVGLVROXFLRQHVWUDVORVHQVD\RVGH
GHVSOD]DPLHQWR
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3DUD SRGHU FRPSDUDU ORV UHVXOWDGRV HQ VX FRQMXQWR VH KD
UHSUHVHQWDGR GH QXHYR OD UHODFLyQ HQWUH OD DEVRUFLyQ Pi[LPD SLFR \
PtQLPDYDOOHSDUDODIRUPDiFLGDGHOLQGLFDGRUSDUDFDGDDQLyQ\VLVWHPD
ILJXUD  (V PX\ LPSRUWDQWH GHVWDFDU TXH HO VLVWHPD %1+ TXH
FRQVLVWH HQXQDDPLQDSULPDULDSURWRQDGD HV FDSD]GHGHWHFWDU WDQWRDO
DQLyQ VXOIDWR FRPR DO GLKLGURJHQRIRVIR HQ GLVROXFLyQ DFXRVD (VWRV
UHVXOWDGRVVHUtDQGHOWRGRLPSRVLEOHVVL~QLFDPHQWHVHUHSLWLHUDHOHQVD\R
FRQHOOLJDQGRVLQODVQDQRSDUWtFXODV'HHVWRVUHVXOWDGRVVHFRPSUXHEDXQD
YH]PiVTXHODVQDQRSDUWtFXODVWLHQHQXQSDSHOIXQGDPHQWDOHQHOGLVHxR
GH TXLPLRVHQVRUHV HQ GLVROXFLyQ DFXRVD \D TXH SHUPLWHQ HO XVR GH
PROpFXODVVHQFLOODVTXHSRUVtVRODVQRSURGXFLUtDQQLQJ~QHIHFWR

)LJXUD&DPELRVHQORVHVSHFWURVGHDEVRUFLyQGHOVLVWHPD9%%1+$

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
)LJXUD&DPELRVHQORVHVSHFWURVGHDEVRUFLyQGHOVLVWHPD9%%6T%\
9%%6T1&WUDVODDGLFLyQGHFDQWLGDGHVFUHFLHQWHVGHGLIHUHQWHVDQLRQHV
$ SDUWLU GH ODV YDORUDFLRQHV UHDOL]DGDV HQ ORV HQVD\RV GH
GHVSOD]DPLHQWRVHKDQFDOFXODGRGHQXHYRORVORJDULWPRVGHODVFRQVWDQWHV
DVRFLDGDV DO HTXLOLEULRGH GHVSOD]DPLHQWR GHO9% WDEOD 'H IRUPD
JHQHUDO VH SXHGH GHFLU TXH HO VXOIDWR HV HO DQLyQ TXH LQWHUDFFLRQDPiV
IXHUWHPHQWH FRQ WRGRV ORV VHQVRUHV KtEULGRV VLQWHWL]DGRV /RV DQLRQHV
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PRQRYDOHQWHVVRQFDSDFHVGHVHU UHFRQRFLGRVHQFLHUWRJUDGRVLHQGRXQ
FDVRH[WUHPRHOUHFRQRFLPLHQWRGHOIOXRUXURSRUSDUWHGHOVLVWHPD%6T
7DEOD/RJDULWPRVGHODVFRQVWDQWHVDVRFLDGDVDOGHVSOD]DPLHQWRGHO9%SRU
SDUWHGHORVVLVWHPDVKtEULGRV
 %6T %6T1 %1+
) D  
&O   
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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 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D /RV Q~PHURV HQWUH SDUpQWHVLV LQGLFDQ ODV GHVYLDFLRQHV HVWiQGDU HQ OD
~OWLPDFLIUDVLJQLILFDWLYD
7RGDVODVFXUYDVVHDMXVWDQHQPD\RURPHQRUJUDGRDXQPRGHOR
 PHWDOOLJDQGR 0/ D H[FHSFLyQ GH ODV REWHQLGDV SDU HO UHFHSWRU
%6T1FRQVXOIDWR\GLKLGURJHQRIRVIDWR'HELGRDODSUHVHQFLDGHGRV
XQLGDGHVHVFXDUDPLGD\GRVDPLQDVFXDWHUQL]DGDVHVIDFWLEOHODIRUPDFLyQ
GHHVSHFLHVFRQHVWHTXLRPHWUtD0/HVTXHPD
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
(VTXHPD5HSUHVHQWDFLyQHVTXHPiWLFDGHODIRUPDFLyQGHHVSHFLHV0/
SDUDHOVLVWHPD%6T1
7HQLHQGRHQFXHQWDHVWHHVFHQDULRODIRUPDFLyQGHODHVSHFLH
IDYRUHFHUtD XQD VHJXQGD LQWHUDFFLyQ HQWUH OD XQLGDG HVFXDUDPLGtFD
UHVWDQWH 'HELGR D HVWR XQ Q~PHUR DGLFLRQDO GH PROpFXODV GH DJXD
ORFDOL]DGDVHQODVHVIHUDVGHVROYDWDFLyQVHOLEHUDQDOPHGLRORTXHD\XGD
DXQDHVWDELOL]DFLyQH[WUDGHOFRPSOHMRGLDQLyQLFR

&RQFOXVLRQHV
(Q HVWH FDStWXOR GH WHVLV VH KD PRGLILFDGR OD VXSHUILFLH GH
QDQRSDUWtFXODV GH ERKHPLWD FRQ OLJDQGRV TXH FRQWHQtDQ XQLGDGHV
HVFXDUDPtGLFDVDPLQDVFXDWHUQL]DGDVRXQDFRPELQDFLyQGHHOODV$GHPiV
VH KD LQWURGXFLGR FRPR DOWHUQDWLYD D OD DPLQD FXDWHUQL]DGD XQD DPLQD
SULPDULD SURWRQDGD (VWR KD SHUPLWLGR OD VtQWHVLV GH TXLPLRVHQVRUHV
KtEULGRV FDSDFHV GH GHWHFWDU VXOIDWR IUHQWH D XQD VHULH GH HVSHFLHV
DQLyQLFDV$GHPiVHQDOJXQRVFDVRVKDVLGRSRVLEOHODGLVFULPLQDFLyQGH
VXOIDWRIUHQWHDKLGURJHQRIRVIDWRGHPDQHUDUHSURGXFLEOH
(VQHFHVDULRHQIDWL]DUHOKHFKRGHTXHQLQJXQRGHORVFRPSRQHQWHV
RUJiQLFRV \D VHD LQGLYLGXDOPHQWH OD DPLQD FXDWHUQL]DGD R HO JUXSR
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HVFXDUDPLGDRFRPELQDGRVHQWUHVtVHUtDQFDSDFHVGHUHDOL]DUHOPLVPR
UHFRQRFLPLHQWRDQLyQLFRDOFDQ]DGRSRUORVVLVWHPDVKtEULGRVHQGLVROXFLyQ
DFXRVD
6HKDGHPRVWUDGRTXHODVQDQRSDUWtFXODVMXHJDQXQSDSHOFUXFLDO
HQ OD RUJDQL]DFLyQ \ OD SUHFRQFHQWUDFLyQ GH ODV PROpFXODV RUJiQLFDV
IDYRUHFLHQGR OD GHVROYDWDFLyQ GH ORV DQLRQHV \ VX LQWHUDFFLyQ FRQ ODV
PROpFXODVRUJiQLFDV$SDUWLUGHHVWRVUHVXOWDGRVREWHQLGRVVHGHPXHVWUD
XQD YH]PiV TXH ODV QDQRSDUWtFXODV WLHQHQ XQ SDSHO IXQGDPHQWDO HQ HO
GLVHxRGHTXLPLRVHQVRUHVHQGLVROXFLyQDFXRVD
x 3HUPLWHQWUDEDMDUHQGLVROXFLyQDFXRVDFRQPROpFXODVLQVROXEOHV
HQDJXD
x 3HUPLWHQ HO XVR GH PROpFXODV VHQFLOODV TXH SRU Vt VRODV QR
SURGXFLUtDQQLQJ~QHIHFWR
x 6LUYHQ GH VRSRUWH GH OD PROpFXOD RUJiQLFD SHUPLWLHQGR OD
UHFXSHUDFLyQGHOTXLPLRVHQVRUXQDYH]OOHYDGRDFDERHOHQVD\R
GHUHFRQRFLPLHQWRSDUDSRVWHULRUHVXVRV








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,QWURGXFFLyQ
(O FDStWXOR  VH KD FHQWUDGR HQ HO GHVDUUROOR GH XQ TXLPLRVHQVRU
FDSD] GH UHFRQRFHU VXOIDWR HQ DJXD 6LQ HPEDUJR GHQWUR GHO JUXSR GH
DQLRQHV PiV HVWXGLDGRV WDPELpQ VH HQFXHQWUD HO \RGXUR WDQWR SRU VX
LPSRUWDQFLDELROyJLFDFRPRPHGLRDPELHQWDO(VWHDQLyQHVXQDGLDQDGH
HVSHFLDO LQWHUpV \D TXH VH HQFXHQWUD GHQWUR GH ORV PLFURQXWULHQWHV
HVHQFLDOHVSDUDHOFUHFLPLHQWRGHOVHUKXPDQR\MXHJDXQSDSHOFODYHHQOD
IXQFLyQ GH OD JOiQGXOD WLURLGHD 7DQWR XQ GHIHFWR FRPR XQ H[FHVR GH
\RGXUR HV HO UHVSRQVDEOH GH YDULDV HQIHUPHGDGHV UHODFLRQDGDV FRQ HVWD
JOiQGXOD3RUHMHPSORXQH[FHVRGH\RGXURHQHODJXDGHFRQVXPRSXHGH
SURYRFDUHQIHUPHGDGHVFRPRFUHDWLQLVPRR WLURLGLWLVHQHOVHUKXPDQR
$GHPiVHO\RGXURQRHVWiSUHVHQWH~QLFDPHQWHHQHO iPELWRELROyJLFR
VLQRTXHWDPELpQVHHQFXHQWUDHQHOFDPSRGHOPHGLRDPELHQWH(O\RGR
HOHPHQWDOVHXWLOL]DWDQWRHQODVtQWHVLVGHFRPSXHVWRVRUJiQLFRVFRPRHQ
OD IDEULFDFLyQ GH PHGLFLQDV 3RU OR WDQWR HV LPSRUWDQWH GHVDUUROODU
PpWRGRV TXH VHDQ UiSLGRV VHQVLEOHV \ VHOHFWLYRV SDUD OD GHWHFFLyQ GH
\RGXUR HQ SURGXFWRV IDUPDFpXWLFRV DOLPHQWDULRV R LQFOXVR HQPXHVWUDV
ELROyJLFDV
(Q OD ELEOLRJUDItD H[LVWHQ GLIHUHQWHV PHWRGRORJtDV TXH VH KDQ
GHVDUUROODGRGHFDUDDODGHWHFFLyQGHHVWHDQLyQ(QWUHHOORVVHHQFXHQWUDQ
OD FURPDWRJUDItD OD HOHFWURIRUHVLV FDSLODU R OD DEVRUFLyQ DWyPLFD 6LQ
HPEDUJRWRGDVHVWDVWpFQLFDVVHFDUDFWHUL]DQSRUHOXVRGHLQVWUXPHQWDFLyQ
PX\ VRILVWLFDGD \ GH HOHYDGR SUHFLR \ HQ OD PD\RUtD GH ORV FDVRV HV
QHFHVDULRXQSUHWUDWDPLHQWRGHODVPXHVWUDV(QHVWHVHQWLGRHVSUHIHULEOH
HO HPSOHR GH HQVD\RV FRORULPpWULFRV R IOXRULPpWULFRV GHELGR D VX DOWD
VHQVLELOLGDGEDMRFRVWHDVtFRPRDODVHQFLOOH]GHODLQVWUXPHQWDFLyQ\OD
Nanopartículas de bohemita para la detección de yoduro en agua. 
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SRVLELOLGDGGHPLQLDWXUL]DFLyQGHOHTXLSRORTXHSHUPLWHWUDQVSRUWDUOR\
UHDOL]DUODPHGLGDin situ
(Q OD OLWHUDWXUDVHSXHGHQHQFRQWUDU WUDEDMRVTXHKDQHPSOHDGROD
HVSHFWURVFRStD89YLVRGHIOXRUHVFHQFLDFRPRWpFQLFDSDUDODGHWHFFLyQ
GHDQLRQHV6LQHPEDUJRHQODPD\RUtDGHORVFDVRVVHKDQXVDGROLJDQGRV
RUJiQLFRVTXHLPSOLFDQXQDVtQWHVLVFRPSOHMD3RURWUDSDUWHPXFKDVYHFHV
HVWRV LRQHV VH HQFXHQWUDQ HQ DJXD OR TXH LPSLGH HO XVR GH UHFHSWRUHV
RUJiQLFRVTXHVyORVRQVROXEOHVHQPHGLRVDSRODUHV

'HWHFFLyQGHKDOXURVPHGLDQWHODHVSHFWURVFRStDGHIOXRUHVFHQFLD
(QHOFDStWXORVHKDQFRPHQWDGRORVPHFDQLVPRVGHGHVDFWLYDFLyQ
GH XQD PROpFXOD GHVGH HO HVWDGR H[FLWDGR DO HVWDGR IXQGDPHQWDO 'H
PDQHUDJHQHUDOODHPLVLyQGHOX]SXHGHRFXUULUSULQFLSDOPHQWHPHGLDQWH
GRVSURFHVRVIOXRUHVFHQFLD\IRVIRUHVFHQFLDGHSHQGLHQGRGHVLHOHVWDGR
H[FLWDGRHVXQHVWDGRVLQJOHWHRWULSOHWHUHVSHFWLYDPHQWH'HELGRDTXHOD
IRVIRUHVFHQFLD WLHQH WLHPSRV GH YLGD ODUJRV QR VH VXHOH REVHUYDU HQ
GLVROXFLyQ D WHPSHUDWXUD DPELHQWHPLHQWUDV TXH Vt HV SRVLEOH REVHUYDU
SURFHVRVGHUHODMDFLyQPHGLDQWHIOXRUHVFHQFLDHQGLVROXFLyQ\HQDXVHQFLD
GHXQDPROpFXODGHVDFWLYDGRUD(VWDGLIHUHQFLDHVGHELGDSULQFLSDOPHQWHD
TXHH[LVWHQYDULRVPHFDQLVPRVGHGHVDFWLYDFLyQQRUDGLDWLYRVTXHSXHGHQ
FRPSHWLUFRQODHPLVLyQGHUDGLDFLyQ
(QODILJXUDVHPXHVWUDQODVGLIHUHQWHVIRUPDVHQODVTXHVHSXHGH
GHVDFWLYDUODHPLVLyQGHIOXRUHVFHQFLD6LHOIOXRUyIRURHVXQJUXSRHOHFWUyQ
GDGRU\HOHVWDGRH[FLWDGRHVXQJUXSRHOHFWUyQDFHSWRUSXHGHGDUVHXQ
PHFDQLVPRGH WUDQVIHUHQFLDGHHQHUJtDGHUHVRQDQFLDGH)|UVWHU)5(7
SRU Förster resonance energy transfer XQ WLSR GH GHVDFWLYDFLyQ QR
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UDGLDWLYRRSXHGHRFXUULUTXHH[LVWDXQDPROpFXODTXHGHVDFWLYHODHPLVLyQ
GHIOXRUHVFHQFLDSRUFROLVLyQFRQHOIOXRUyIRURVLQTXHHOpVWHRODPROpFXOD
GHVDFWLYDGRUD VHDQ DOWHUDGDV TXtPLFDPHQWH HQ HO SURFHVR 6H SXHGHQ
DSURYHFKDU HVWRV SURFHVRV GH GHVDFWLYDFLyQ GH OD IOXRUHVFHQFLD \ GH OD
IRVIRUHVFHQFLDGHELGRDODSUHVHQFLDGHDQLRQHVKDOXURSDUDGHWHFWDUORV\
FXDQWLILFDUORVHQGLVROXFLyQDFXRVD

)LJXUD'LDJUDPDGH-DEORQVNLPRGLILFDGRTXHPXHVWUDHOSURFHVRGH
DEVRUFLyQD]XOODUHODMDFLyQUDGLDWLYDYHUGHSURFHVRVGHGHVDFWLYDFLyQQR
UDGLDWLYRVURMR\RWURVSURFHVRVGHYXHOWDDOHVWDGRIXQGDPHQWDOFRPROD
GHVDFWLYDFLyQSRUFROLVLyQURVD\SRU)5(7PRUDGR
/D GHVDFWLYDFLyQ GH OD HPLVLyQ GH IOXRUHVFHQFLD GH FLHUWRV
FRPSXHVWRV DURPiWLFRV GHELGR D OD SUHVHQFLD GH DQLRQHV KDOXURV HV
FRQRFLGDGHVGHKDFH\DDxRV([LVWHQWUDEDMRVHQORVTXHVHKDHPSOHDGR
TXLQLQD QDIWDOHQR FRXPDULQD URGDPLQD \ YDULRV KHWHURFLFORV
SROLQXFOHDUHVDURPiWLFRVFRPRXQLGDGHVIOXRUHVFHQWHVSDUDODGHWHFFLyQ
GH KDOXURV \ DOJXQRV pseudoKDOXURV FLDQXUR WLRFLDQDWR HWF &RPR
UHVXOWDGR GH OD GHVDFWLYDFLyQ GH OD IOXRUHVFHQFLD VH SURGXFH XQD
GLVPLQXFLyQGHODHPLVLyQ\GHORVWLHPSRVGHYLGDSRUORTXHDSDUWLUGH
ODPHGLGDGHHVWRVGRVSDUiPHWURVHVSRVLEOHFXDQWLILFDUODFRQFHQWUDFLyQ
GHOKDOXUR
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/DGHWHUPLQDFLyQGHDQLRQHVKDOXURPHGLDQWHODGHVDFWLYDFLyQGHOD
IOXRUHVFHQFLDHVXQPpWRGRPX\SRSXODUGHELGRDTXHHVSRVLEOHWUDEDMDUD
FRQFHQWUDFLRQHVPX\EDMDVGHORUGHQGHPLFURPRODU\DODVLPSOLFLGDG
GHODVUHDFFLRQHVGHGHVDFWLYDFLyQ$GHPiVODVUHDFFLRQHVTXHWLHQHQOXJDU
QRUPDOPHQWH VRQ QR GHVWUXFWLYDV \ VH SXHGHQ DSOLFDU FDVL D FXDOTXLHU
VLVWHPDTXHWHQJDXQDXQLGDGIOXRUyIRUDHQVXHVWUXFWXUD

6LVWHPDVHPSOHDGRV
(QFDStWXORVSUHYLRVGHHVWDPHPRULDVHKDGHPRVWUDGRODHILFDFLD
GHO XVR GH QDQRPDWHULDOHV HQ OD VtQWHVLV GH TXLPLRVHQVRUHV SDUD HO
UHFRQRFLPLHQWRGHHVSHFLHVFDUJDGDVHQGLVROXFLyQDFXRVD$GHPiVVHKDQ
SUHSDUDGR QDQRSDUWtFXODV GH GLIHUHQWHVPDWHULDOHV \ WDPDxRV OR TXH KD
SHUPLWLGRHVWXGLDUODHIHFWLYLGDGGHODUHDFFLyQGHIXQFLRQDOL]DFLyQGHOD
VXSHUILFLHFRQGLIHUHQWHVPROpFXODVRUJiQLFDVDVtFRPRODVHQVLELOLGDG\
OD HIHFWLYLGDG GHO TXLPLRVHQVRU KtEULGR ILQDO 2WUD FDUDFWHUtVWLFD TXH
SUHVHQWD HO XVR GH QDQRPDWHULDOHV HQ HO GLVHxR GH TXLPLRVHQVRUHV HV OD
SRVLELOLGDG GH PHMRUDU OD HILFDFLD GHO VLVWHPD KtEULGR UHVSHFWR D OD
PROpFXOD OLEUH SRU XQ HIHFWR GH ³SUHFRQFHQWUDFLyQ´ GH ORV OLJDQGRV
RUJiQLFRVHQXQDVXSHUILFLH3RUHOORDGHPiVGHVLQWHWL]DUORVVLVWHPDV
KtEULGRVRUJiQLFRLQRUJiQLFRVVHKDQSUHSDUDGRODVPROpFXODVRUJiQLFDV
OLEUHVSDUDHVWXGLDUODVSRVLEOHVGLIHUHQFLDVHQWUHHOORV
(OHVTXHPDPXHVWUDODVHVWUXFWXUDVGHORVVLVWHPDVTXHVHYDQ
DHVWXGLDUWDQWRHQVXIRUPDOLEUHFRPRDQFODGRV&RPRXQLGDGUHFHSWRUD
VHKDHPSOHDGRSRUXQODGRHOOLJDQGRWULSRGDOWULVDPLQRHWLODPLQDTXH
FRQWLHQHGRVDPLQDVSULPDULDV\XQDDPLQDVHFXQGDULDDEUHYLDGDFRPR7
HQHOQRPEUHGHORVVLVWHPDVKtEULGRVILQDOHVPLHQWUDVTXHSRURWURODGR
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VHKDVLQWHWL]DGRXQDSROLDPLQDDELHUWDTXHFRQWLHQHXQDDPLQDSULPDULD\
GRVDPLQDVVHFXQGDULDVLQGLFDGRHQHOQRPEUHFRPR1$PERVOLJDQGRV
KDQ VLGR PRGLILFDGRV FRQ XQD XQLGDG GH SLUHQR SL FRPR XQLGDG
VHxDOL]DGRUD7SL\1SLUHVSHFWLYDPHQWH


(VTXHPD(VWUXFWXUDTXtPLFDGHORVOLJDQGRVOLEUHVGHORVVLVWHPDVKtEULGRV
HPSOHDGRVHQODGHWHFFLyQGH\RGXUR
3DUDREWHQHUORVVLVWHPDVKtEULGRVVHKDDQFODGRHOOLJDQGR7SL\HO
1SL D OD VXSHUILFLH GH QDQRSDUWtFXODV GH ERKHPLWD %7SL \ %1SL
UHVSHFWLYDPHQWH$GHPiVVHKDDQFODGRXQDFDGHQDTXHFRQWLHQHXQ~QLFR
iWRPRGDGRUSDUDHVWXGLDUODLQIOXHQFLDGHODORQJLWXGGHODFDGHQDHQOD
UHVSXHVWD IRWRTXtPLFD GHO TXLPLRVHQVRU %1SL 3RU ~OWLPR VH KD
PRGLILFDGRODVXSHUILFLHGHODERKHPLWD~QLFDPHQWHFRQXQLGDGHVSLUHQR
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SDUD SRGHU HPSOHDUOR FRPR UHIHUHQFLD HQ ORV HVWXGLRV IRWRTXtPLFRV
UHDOL]DGRV%SL

&RPSRUWDPLHQWRiFLGREDVH
'HWHUPLQDFLyQGHODVFRQVWDQWHVGHSURWRQDFLyQ
(Q HO FDVR GH OLJDQGRV SROLDPtQLFRV QR VRSRUWDGRV HV SRVLEOH
HVWXGLDU OD EDVLFLGDG GH ODV DPLQDV SUHVHQWHV HQ OD HVWUXFWXUDPHGLDQWH
HVWXGLRVSRWHQFLyPHWULFRV0HGLDQWHHVWDWpFQLFDVHSXHGHQGHWHUPLQDUODV
FRQVWDQWHV GH EDVLFLGDG GH ORV OLJDQGRV (Q OD WDEOD  VH UHFRJHQ ORV
YDORUHVGHORVORJDULWPRVGHODVFRQVWDQWHVGHEDVLFLGDGVXFHVLYDVSDUDORV
OLJDQGRV7SL\1SL
7DEOD/RJDULWPRVGHODVFRQVWDQWHVGHSURWRQDFLyQVXFHVLYDV\GHEDVLFLGDG
JOREDO SDUD ORV UHFHSWRUHV 7SL \ 1SL GHWHUPLQDGRV D   . HQ1D&O
PROāGP
5HDFFLyQ 7SL 1SL
+/'+/D E 
+/+'+/  
+/+'+/  
/RJȕF  
D&DUJDVRPLWLGDVE/RVQ~PHURVHQWUHSDUpQWHVLVLQGLFDQODGHVYLDFLyQHVWiQGDU
GHOD~OWLPDFLIUDVLJQLILFDWLYDF/DFRQVWDQWHGHEDVLFLGDGJOREDOHVȕ Ȉ.+M/

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6HKDQREWHQLGRWUHVFRQVWDQWHVGHEDVLFLGDGSDUDHOOLJDQGR7SL/DV
GRVSULPHUDVPiVEiVLFDV ORJ. \ ORJ. \XQD WHUFHUD
LQWHUPHGLD ORJ.    )LMiQGRQRV HQ OD HVWUXFWXUD TXtPLFD GHO
UHFHSWRU HQ ORV YDORUHV REWHQLGRV PHGLDQWH SRWHQFLRPHWUtD \ HQ OD
ELEOLRJUDItDTXHH[LVWHSDUDOLJDQGRVVLPLODUHVVHSXHGHSURSRQHUTXHORV
GRVSULPHURVSURWRQHVVHVLWXDUtDQHQORVQLWUyJHQRVSULPDULRVGHODFDGHQD
GHOUHFHSWRUTXHFRPRHVVDELGRVRQPiVEiVLFRVHQGLVROXFLyQDFXRVDTXH
ORV VHFXQGDULRV GHELGR D OD PHMRU VROYDWDFLyQ GH ORV JUXSR DPLQR
SULPDULRV/DWHUFHUD\~OWLPDSURWRQDFLyQFRUUHVSRQGHUtDDOJUXSRDPLQR
VHFXQGDULRGHODFDGHQDIXQFLRQDOL]DGDFRQHOSLUHQR
/D SROLDPLQD OLQHDO 1SL SUHVHQWD GRV FRQVWDQWHV GH SURWRQDFLyQ
UHODWLYDPHQWHDOWDVORJ. \ORJ. \RWUDFRQVWDQWHPXFKR
PiVEDMDORJ. 6HSXHGHSURSRQHUXQDVHFXHQFLDGHSURWRQDFLyQ
HQ EDVH D ODPLQLPL]DFLyQ GH OD UHSXOVLyQ FXORPELDQD TXH H[LVWH HQWUH
FDUJDV GHO PLVPR VLJQR /RV GRV SULPHURV SURWRQHV VH VLW~DQ OR
VXILFLHQWHPHQWH DOHMDGRV SDUD TXH QR H[LVWD UHSXOVLyQ HQWUH FDUJDV GHO
PLVPRVLJQRSRU ORTXH ODHQWUDGDGHO WHUFHUSURWyQVHSURGXFLUtDHQHO
JUXSR DPLQR VHFXQGDULR FHQWUDO 'HELGR D TXH HVWD ~OWLPD SURWRQDFLyQ
LQWURGXFHIXHUWHVUHSXOVLRQHVHOHFWURVWiWLFDVHOYDORUGHODWHUFHUDFRQVWDQWH
HVEDMD
(OSURJUDPD+\VVHVXQDKHUUDPLHQWD~WLODODKRUDGHVDEHUTXp
HVSHFLHVVHHQFXHQWUDQHQGLVROXFLyQDXQGHWHUPLQDGRS+(QODILJXUD
VHPXHVWUDQ ORVGLDJUDPDVGHGLVWULEXFLyQSDUD ORV OLJDQGRV7SL\1SL
FDOFXODGRVDSDUWLUGHORVGDWRVGHODWDEOD
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
)LJXUD'LDJUDPDVGHGLVWULEXFLyQGHHVSHFLHVSDUDODSURWRQDFLyQGHORV
OLJDQGRV7SLL]TXLHUGD\1SLGHUHFKDPHGLGRVHQ1D&OPROāGP
/DV VHFXHQFLDV GH SURWRQDFLyQ TXH VH KDQ SURSXHVWR SDUD ORV
OLJDQGRV7SL\1SLVHSXHGHQFRUURERUDUPHGLDQWHUHVRQDQFLDPDJQpWLFD
QXFOHDU/DYDULDFLyQGHODVVHxDOHVGHORVHVSHFWURVGH501HQIXQFLyQ
GHOS+GHOPHGLRSURSRUFLRQDLQIRUPDFLyQVREUHODGLVWULEXFLyQGHFDUJDV
SRVLWLYDV HQ ORV GLVWLQWRV FHQWURV SURWRQDEOHV GH ORV UHFHSWRUHV /D
SURWRQDFLyQGHORVJUXSRVDPLQRSUHVHQWHVHQODVPROpFXODVQRDIHFWDSRU
LJXDODWRGRVORVQ~FOHRVGHODHVWUXFWXUD/RVFDUERQRVVLWXDGRVHQȕ\ORV
SURWRQHVVLWXDGRVHQĮFRQUHVSHFWRDXQQLWUyJHQRSURWRQDEOHVRQORVTXH
H[SHULPHQWDQ ORV FDPELRV PiV VLJQLILFDWLYRV 3RU QRUPD JHQHUDO VH
REVHUYDTXHODSURWRQDFLyQGHORVQLWUyJHQRVKDFHTXHODVVHxDOHVGHSURWyQ
VHGHVSODFHQDFDPSREDMRPLHQWUDVTXHODVVHxDOHVGHFDUERQRORKDFHQD
FDPSRDOWR

'HWHUPLQDFLyQGHODVVHFXHQFLDVGHSURWRQDFLyQ
6HKDQUHDOL]DGRHVSHFWURVGH501GH+\&DGLIHUHQWHVS+V\
DGHPiV SDUD OD DVLJQDFLyQ GH ODV GLVWLQWDV VHxDOHV VH KDQ UHDOL]DGR
HVSHFWURVGHFRUUHODFLyQGH501+&+64&/DQXPHUDFLyQGHORV
    
S+





IRUPDFLyQUHODWLYDGH7SL
7SL
+7SL
+7SL+7SL
    
S+







IRUPDFLyQUHODWLYDGH1SL
+1SL
+1SL +1SL
1SL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GLIHUHQWHVQ~FOHRVVHPXHVWUDHQHOHVTXHPD7SL\1SLVHKD
QXPHUDGRHQD]XOORVFDUERQRV\HQURMRORVQLWUyJHQRV/RVYDORUHVGH
S+DORVTXHVHUHJLVWUDQORVHVSHFWURVVHHOLJHQDSDUWLUGHORVGLDJUDPDV
GHGLVWULEXFLyQGHHVSHFLHVGHIRUPDTXHVHFRUUHVSRQGDQFRQHOPD\RU
GHIRUPDFLyQUHODWLYDGHODVGLVWLQWDVHVSHFLHVSUHVHQWHVHQGLVROXFLyQ+D\
TXHUHFRUGDUWDPELpQTXHHQGLVROXFLyQQRVHQFRQWUDPRVFRQVLWXDFLRQHV
SURPHGLR \D TXH HQ ORV HVWDGRV GH SURWRQDFLyQ LQWHUPHGLRV GH XQD
PROpFXOD ORV SURWRQHV SXHGHQ VLWXDUVH HQ YDULDV SRVLFLRQHV FRQ XQD
GLVWULEXFLyQTXHYHQGUiFRQWURODGDSRUODVPLFURFRQVWDQWHVGHEDVLFLGDGGH
ORVPLVPRV

(VTXHPD1XPHUDFLyQHPSOHDGDHQODDVLJQDFLyQGHVHxDOHVSDUDORV
HVSHFWURVGH501GHOOLJDQGR7SL
0LHQWUDV TXH OD SDUWH DOLIiWLFD GHO HVSHFWUR GD LQIRUPDFLyQ
LPSRUWDQWHUHODWLYDDODVHFXHQFLDGHSURWRQDFLyQGHOOLJDQGRQRVXFHGHOR
PLVPRFRQODSDUWHDURPiWLFDGHOHVSHFWURGRQGHHOGHVSOD]DPLHQWRGHODV
VHxDOHVQRHVVLJQLILFDWLYR\QRGDLQIRUPDFLyQUHOHYDQWHSRUORTXHVyOR
VHYDDDQDOL]DUODSDUWHDOLIiWLFD
1
2
3
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(Q OD ILJXUD  VH PXHVWUDQ ORV HVSHFWURV GH 501 GH & D
GLIHUHQWHV S+V $O SDVDU GH S+  GRQGH WHQHPRV HO OLJDQGR QR
SURWRQDGRDS+GRQGHVHHQFXHQWUDODHVSHFLHPRQRSURWRQDGDVH
SURGXFHXQGHVSOD]DPLHQWRPX\VLJQLILFDWLYRGHODVHxDO&\DOOOHJDUD
S+HVSHFLHGLSURWRQDGDVHVLJXHREVHUYDQGRXQGHVSOD]DPLHQWRHVWD
YH]PiVSHTXHxRGHODPLVPDVHxDO&XDQGRVHSDVDGHS+DS+
HVSHFLHWULSURWRQDGDODVHxDOTXHH[SHULPHQWDXQPD\RUGHVSOD]DPLHQWR
DFDPSREDMRHVHOFDUERQR&(OGHVSOD]DPLHQWRGHHVWDVVHxDOHVLQGLFD
TXHODSULPHUD\ODVHJXQGDSURWRQDFLyQRFXUUHQPD\RULWDULDPHQWHVREUH
ORVJUXSRVDPLQRSULPDULR1\1PiVEiVLFRVHQGLVROXFLyQDFXRVDTXH
HOJUXSRDPLQRVHFXQGDULR1

)LJXUD=RQDDOLIiWLFDGHORVHVSHFWURVGH&501GHOFRPSXHVWR7SLHQ
'2DGLIHUHQWHVYDORUHVGHS+

C2
C3 C5 C4 C1
C2 C3 C5 C4 C1
C2C3
C1
C2
C3
C1
pH=2.0
pH=7.6
pH=9.20
pH=10.98
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$VtSXHVORVGDWRVGH501FRUURERUDQODVHFXHQFLDGHSURWRQDFLyQ
TXH VH SURSXVR HQ HO DSDUWDGR DQWHULRU HQ IXQFLyQ GH ODV FRQVWDQWHV GH
EDVLFLGDGREWHQLGDVILJXUD

)LJXUD6HFXHQFLDGHSURWRQDFLyQSURSXHVWDSDUDHOUHFHSWRU7SL
6HKDQ UHDOL]DGR ORVPLVPRVH[SHULPHQWRVGH501GH + &\
+64&SDUDHOOLJDQGR1SL/DQXPHUDFLyQGHORVGLIHUHQWHVQ~FOHRVVH
PXHVWUDHQHOHVTXHPDVHKDQXPHUDGRHQD]XOORVFDUERQRV\HQURMR
ORVQLWUyJHQRV

(VTXHPD1XPHUDFLyQHPSOHDGDHQODDVLJQDFLyQGHVHxDOHVSDUDORV
HVSHFWURVGH501GHOOLJDQGR1SL

+
+ +
 SURWRQDFLyQSURWRQDFLyQ
1
2
34
32
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(Q OD ILJXUD  VH PXHVWUDQ ORV UHVXOWDGRV REWHQLGRV SDUD ODV
PHGLGDVGH501GH&&XDQGRVHSDVDGHYDORUHVGHS+DS+
WLHQHOXJDUODSULPHUDSURWRQDFLyQTXHDIHFWDDO1SRUORTXHHOFDPELR
PiV VLJQLILFDWLYR VH DSUHFLD HQ HO GHVSOD]DPLHQWR GH OD VHxDO GH &
&XDQGRHOS+VHDMXVWDVREUH ODVHJXQGDSURWRQDFLyQWLHQHOXJDUGH
PDQHUD PD\RULWDULD VREUH 1 SDUD FRQVHJXLU TXH ODV UHSXOVLRQHV
HOHFWUyQLFDVHQWUHFDUJDVVHDQPtQLPDSRUORTXHODVHxDOFRUUHVSRQGLHQWH
D & HV OD TXH VXIUH XQ PD\RU GHVSOD]DPLHQWR 3RU ~OWLPR OD WHUFHUD
SURWRQDFLyQ WLHQH OXJDU FXDQGR VH DFLGLILFD OD GLVROXFLyQ KDVWD S+  \
DIHFWD D 1 OR TXH VH GHPXHVWUD SRU HO PD\RU GHVSOD]DPLHQWR GH ODV
VHxDOHV&\&

)LJXUD=RQDDOLIiWLFDGHORVHVSHFWURVGH&501GHOFRPSXHVWR1SLHQ
'2DGLIHUHQWHVYDORUHVGHS+
 
5
5
5
5
1
1
1
1
2
4
4
2
4
3
3/4
3
2
2/3
pH=2.0
pH=6.3
pH=8.9
pH=10.1
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$ SDUWLU GH ORV GDWRV REWHQLGRV GH 501 VH SXHGH SODQWHDU OD
VHFXHQFLD GH SURWRQDFLyQ SDUD HO OLJDQGR 1SL TXH VH UHSUHVHQWD HQ OD
ILJXUD

)LJXUD6HFXHQFLDGHSURWRQDFLyQSURSXHVWDSDUDHOUHFHSWRU1SL

(VWXGLRVIOXRUtPHWULFRV
(O HVSHFWUR GH HPLVLyQ GH IOXRUHVFHQFLD GHO SLUHQR HQ HWDQRO VH
FDUDFWHUL]DSRUODSUHVHQFLDGHFXDWUREDQGDVPX\ELHQGHILQLGDVFHQWUDGDV
DQPQPQPQP\XQSHTXHxRKRPEURVLWXDGRD
QP(VWDVEDQGDVVHSXHGHQDWULEXLUDODVWUDQVLFLRQHVSoSGHODHPLVLyQ
GHOPRQyPHUR(OSLFRSUHVHQWHDQPFRUUHVSRQGHDODSULPHUDEDQGD
YLEUDFLRQDOFRQODWUDQVLFLyQPLHQWUDVTXHODEDQGDVLWXDGDDQP
VH FRUUHVSRQGH FRQ OD WHUFHUD EDQGD YLEUDFLRQDO FRQ OD WUDQVLFLyQ 
ILJXUD
+
+
+
SURWRQDFLyQSURWRQDFLyQSURWRQDFLyQ
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
)LJXUD(VSHFWURGHHPLVLyQGHOSLUHQRHQHWDQROOH[F QP
$ OD KRUD GH WUDEDMDU FRQ ORV VLVWHPDV KtEULGRV VH REWXYLHURQ HQ
SULPHU OXJDU ORV HVSHFWURV GH DEVRUFLyQ H[FLWDFLyQ \ HPLVLyQ GH
IOXRUHVFHQFLD(QODILJXUDVHPXHVWUDQORVUHVXOWDGRVREWHQLGRVSDUDHO
VLVWHPD%1SLPHGLGRVHQGLVROXFLyQDFXRVDDS+ ILJXUD

)LJXUD(VSHFWURVGHH[FLWDFLyQDEVRUFLyQ\HPLVLyQGHOVLVWHPD%1SL
OH[F QPOHPLV QP

    
,
XD
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(OHVSHFWURGHDEVRUFLyQGHOVLVWHPD%1SLHQDJXDPXHVWUDFXDWUR
EDQGDVFDUDFWHUtVWLFDVDQPQPQP\QP(OHVSHFWURGH
HPLVLyQGHIOXRUHVFHQFLDHVODLPDJHQHVSHFXODUGHOHVSHFWURGHDEVRUFLyQ
SHURDGLIHUHQFLDGHOVLVWHPDTXHWHQtDXQLGDGHVDQWUDFHQRFDStWXORHQ
HVWHFDVRODVXSHUSRVLFLyQGHOHVSHFWURGHDEVRUFLyQ\HPLVLyQHVPtQLPD
(OHVSHFWURGHHPLVLyQVHFDUDFWHUL]DSRUODSUHVHQFLDGHWUHVEDQGDVPX\
ELHQ GHILQLGDV FHQWUDGDV D  QP  QP \  QP \ XQ SHTXHxR
KRPEUR VLWXDGR D  QP 'DGR TXH ORV HVWDGRV HOHFWUyQLFRV \
YLEUDFLRQDOHVVHHQFXHQWUDQDFRSODGRV ODVEDQGDVGHHPLVLyQVXHOHQVHU
PX\~WLOHVSDUDHVWXGLDUODSRODULGDGGHOPHGLR$VtHQPHGLRVKLGUyIRERV
OD EDQGD GH  QP VXHOH VHU OD PiV LQWHQVD PLHQWUDV TXH HQ PHGLRV
SRODUHVODLQWHQVLGDGGHODEDQGDVLWXDGDDQPHVPD\RU
6HOOHYDURQDFDERODVPLVPDVPHGLGDVFRQHOUHVWRGHVLVWHPDVSDUD
FRPSUREDUODHPLVLyQGHIOXRUHVFHQFLD\VXHVWDELOLGDGIUHQWHDOS+ILJXUD
(Q WRGRV ORV FDVRV VHPDQWXYR OD DEVRUFLyQDQPFRQVWDQWH\
PHQRUDXQLGDGHV&RPRVHSXHGHYHUHQODJUiILFDWRGDVODVPXHVWUDV
SUHVHQWDQ XQD HPLVLyQ FRUUHVSRQGLHQWH DO PRQyPHURPX\ LQWHQVD \ HQ
QLQJXQR GH ORV FDVRV VH DSUHFLD XQD DSDULFLyQ GH XQD EDQGD
FRUUHVSRQGLHQWH D OD IRUPDFLyQ GH H[FtPHUR (Q HO FDVR GH ODV
QDQRSDUWtFXODV IXQFLRQDOL]DGDV OD DXVHQFLD GH H[FtPHUR SRQH GH
PDQLILHVWRTXHODVPROpFXODVGHSLUHQRVHHQFXHQWUDQVHSDUDGDVHQWUHVtHQ
OD VXSHUILFLH GH ODV QDQRSDUWtFXODV OR VXILFLHQWHPHQWH SDUD LPSHGLU VX
DSLODPLHQWR (Q HO FDVR GH ODVPROpFXODV OLEUHV WDPSRFR VH REVHUYD OD
IRUPDFLyQ GH H[FtPHURV LQWUDPROHFXODUHV QL LQWHUPROHFXODUHV HQ ODV
FRQGLFLRQHVGHFRQFHQWUDFLyQDODTXHVHHVWiWUDEDMDQGR

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
)LJXUD(VSHFWURGHHPLVLyQGHORVVLVWHPDVVLQWHWL]DGRVHQGLVROXFLyQ
DFXRVDDS+ OH[F QP

&RPSRUWDPLHQWRiFLGREDVHHQGLVROXFLyQDFXRVD
(QHODSDUWDGRDQWHULRUVHGHVFULEHODREWHQFLyQGHODVFRQVWDQWHVGH
EDVLFLGDGGHORVOLJDQGRVHQVXIRUPDOLEUHTXHMXQWRDODYDORUDFLyQiFLGR
EDVHUHDOL]DGDPHGLDQWHHVSHFWURVFRStDGHUHVRQDQFLDPDJQpWLFDQXFOHDU
KD SHUPLWLGR FRQRFHU OD VHFXHQFLD GH SURWRQDFLyQ GH ORV PLVPRV /D
SUHVHQFLDGHXQ IOXRUyIRURFHUFDGHJUXSRVDPLQRSHUPLWHFRUURERUDU OD
    
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VHFXHQFLDGHSURWRQDFLyQREWHQLGDKDVWDDKRUD&RPRVHKDPRVWUDGRHQHO
FDStWXOR  ORV iWRPRV GDGRUHV FRQ SDUHV GH HOHFWURQHV VROLWDULRV HQ
QXHVWUR FDVR JUXSRV DPLQR VHFXQGDULRV VRQ FDSDFHV GH GHVDFWLYDU OD
HPLVLyQ GH IOXRUHVFHQFLD GHELGR D XQ PHFDQLVPR GH WUDQVIHUHQFLD
HOHFWUyQLFD IRWRLQGXFLGD PET &XDQGR HO iWRPR GDGRU VH HQFXHQWUD
SURWRQDGRHOSDUGHHOHFWURQHVVROLWDULRGHMDGHHVWDUDFFHVLEOHSRUORTXH
\DQRHVSRVLEOHHOHIHFWRCHEQ
/DVYDORUDFLRQHViFLGREDVHVHKDQUHDOL]DGRHQGLVROXFLyQDFXRVD
HQ XQ LQWHUYDOR GH S+ FRPSUHQGLGR HQWUH  \  PDQWHQLHQGR OD
DEVRUFLyQ D  QP SRU GHEDMR GH  XQLGDGHV (Q OD ILJXUD  VH
PXHVWUDQORVUHVXOWDGRVREWHQLGRVSDUDHOVLVWHPD7SL/DUHSUHVHQWDFLyQ
GHOPi[LPR GH HPLVLyQ GH IOXRUHVFHQFLD OHPLV    QP MXQWR FRQ HO
GLDJUDPDGHGLVWULEXFLyQGHHVSHFLHVQRVSHUPLWHGHGXFLUFXDOHVVRQ ODV
HVSHFLHVUHVSRQVDEOHVGHODHPLVLyQGHOSLUHQR$OLJXDOTXHRFXUUHSDUD
OLJDQGRVVLPLODUHVODPi[LPDHPLVLyQGHIOXRUHVFHQFLDVHREVHUYDFXDQGR
HO OLJDQGR VH HQFXHQWUD WRWDOPHQWH SURWRQDGR +/ 8QD YH] TXH VH
HPSLH]DDDXPHQWDUHOS+VHSURGXFHXQDWUDQVIHUHQFLDHOHFWUyQLFDGHVGH
ODVDPLQDVQRSURWRQDGDVDOHVWDGRH[FLWDGRGHOSLUHQRORTXHSURYRFDXQD
GLVPLQXFLyQGHODHPLVLyQGHIOXRUHVFHQFLD'HSHQGLHQGRGHODGLVWDQFLD
DOIOXRUyIRURODGHVDFWLYDFLyQSXHGHVHUSDUFLDORFRPSOHWD(QHVWHFDVR
OD GHVSURWRQDFLyQ GH OD DPLQD VHFXQGDULD SUHVHQWH HQ OD HVWUXFWXUD GHO
OLJDQGRSURGXFHODGHVDFWLYDFLyQGHODHPLVLyQ
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
)LJXUD$9DULDFLyQGHOHVSHFWURGHHPLVLyQGHIOXRUHVFHQFLDHQIXQFLyQ
GHOS+GHOOLJDQGR73LOH[F QP%6XSHUSRVLFLyQGHOPi[LPRGH
HPLVLyQGHIOXRUHVFHQFLD OHPLV QPHQHOGLDJUDPDGHGLVWULEXFLyQGH
HVSHFLHVGHOOLJDQGR7SLGHWHUPLQDGRHQ1D&OPROāGPD.
8QDYH]TXHVHFRQRFHHOFRPSRUWDPLHQWRiFLGREDVHGHOOLJDQGR
OLEUH VH SXHGH FRPSDUDU FRQ ORV UHVXOWDGRV REWHQLGRV SDUD HO VLVWHPD
KtEULGR HQ HO TXH VH KD DQFODGR HO 7SL VREUH OD VXSHUILFLH GH ODV
QDQRSDUWtFXODV (Q OD ILJXUD  VH KD UHSUHVHQWDGR OD YDULDFLyQ GH OD
HPLVLyQGHIOXRUHVFHQFLDHQIXQFLyQGHOS+SDUDHOVLVWHPD%7SLGRQGHVH
REVHUYDXQDGLVPLQXFLyQGHODVEDQGDVGHHPLVLyQDODXPHQWDUHOS+6L
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FRPSDUDPRVHVWRV UHVXOWDGRVFRQ ORVREWHQLGRVSDUDHO OLJDQGR OLEUH VH
REVHUYDTXHODEDVLFLGDGGHORVJUXSRVDPLQRQRVHYHPRGLILFDGDFXDQGR
HOOLJDQGRVHHQFXHQWUDHQXQDVXSHUILFLHVyOLGD\GHQXHYRHVODSpUGLGD
GHO SULPHU SURWyQ OD UHVSRQVDEOH GH OD GHVDFWLYDFLyQ GH OD HPLVLyQ GH
IOXRUHVFHQFLDGHOSLUHQR
 
)LJXUD$9DULDFLyQGHOHVSHFWURGHHPLVLyQGHIOXRUHVFHQFLDHQIXQFLyQ
GHOS+GHOVLVWHPDKtEULGR%73LOH[F QP%6XSHUSRVLFLyQGHOPi[LPR
GHHPLVLyQGHIOXRUHVFHQFLDOHPLV QPGHOOLJDQGR7SL \GHOVLVWHPD
KtEULGR%7SL HQHOGLDJUDPDGHGLVWULEXFLyQGHHVSHFLHVGHOOLJDQGR7SL
GHWHUPLQDGRHQ1D&OPROāGPD.
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6H KDQ UHDOL]DGR ODV PLVPDV YDORUDFLRQHV iFLGREDVH SDUD HO
VLVWHPD1SL\%1SLILJXUD

)LJXUD9DULDFLyQGHOHVSHFWURGHHPLVLyQGHIOXRUHVFHQFLDHQIXQFLyQGHO
S+GHORVVLVWHPDVKtEULGRV13L\%1SLOH[F QP
(QHVWHFDVRODSpUGLGDGHOSULPHUSURWyQVLWXDGRHQHOJUXSRDPLQR
FHQWUDOGHODFDGHQDSURGXFHXQDOLJHUDGHVDFWLYDFLyQGHODIOXRUHVFHQFLD
GHELGR D OD WUDQVIHUHQFLD HOHFWUyQLFD GHO SDU GH HOHFWURQHV VROLWDULR DO
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IOXRUyIRUR &XDQGR VH SLHUGH HO VHJXQGR SURWyQ VLWXDGR HQ OD DPLQD
VHFXQGDULDFHUFDQDDOSLUHQRVHSURGXFHODWRWDOLGDGGHODGHVDFWLYDFLyQGH
ODHPLVLyQGHELGRGHQXHYRDXQHIHFWR3(76LVHFRPSDUDQORVUHVXOWDGRV
REWHQLGRV SDUD OD FDGHQD DELHUWD FRQ ORV GHO VLVWHPD KtEULGR%1SL VH
FRPSUXHEDGHQXHYRTXHODXQLyQFRYDOHQWHGHORVOLJDQGRVRUJiQLFRVDOD
VXSHUILFLH GH ODV QDQRSDUWtFXODV QR PRGLILFD VLJQLILFDWLYDPHQWH OD
EDVLFLGDGGHODVDPLQDVSUHVHQWHVHQODHVWUXFWXUDRUJiQLFDILJXUD
6LQHPEDUJRVtVHREVHUYDQGLIHUHQFLDVDYDORUHVGHS+VXSHULRUHVD\D
TXHPLHQWUDVTXHHOVLVWHPD1SLSLHUGHWRWDOPHQWHODIOXRUHVFHQFLDHQHO
VLVWHPD%1SLTXHGDXQDHPLVLyQGHIOXRUHVFHQFLD UHVLGXDO(VWRSXHGH
VHUGHELGRDTXHORViWRPRVGHQLWUyJHQRQRSURWRQDGRVHVWiQIRUPDQGR
SXHQWHV GHKLGUyJHQR FRQ ORV SURWRQHVGH ORVJUXSRV DPLQRTXH D~Q VH
HQFXHQWUDQSURWRQDGRV

)LJXUD6XSHUSRVLFLyQGHOPi[LPRGHHPLVLyQGHIOXRUHVFHQFLD
OHPLV QPGHOOLJDQGR1SL \GHOVLVWHPDKtEULGR%1SL HQHO
GLDJUDPDGHGLVWULEXFLyQGHHVSHFLHVGHOOLJDQGR1SLGHWHUPLQDGRHQ1D&O
PROāGPD.
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3RU~OWLPRVHUHDOL]yODYDORUDFLyQGHOVLVWHPDKtEULGR%1SLIUHQWH
DOS+ILJXUD$

)LJXUD$9DULDFLyQGHOHVSHFWURGHHPLVLyQGHIOXRUHVFHQFLDHQIXQFLyQ
GHOS+GHOVLVWHPD%1SLOH[F QP%0i[LPRGHHPLVLyQGH
IOXRUHVFHQFLDGHORVVLVWHPDVKtEULGRV%1SL %1SL \%7SL IUHQWHDO
S+OHPLV QP
(VWH VLVWHPD PXHVWUD OD PLVPD SpUGLGD HQ OD HPLVLyQ GH
IOXRUHVFHQFLD TXH HO UHVWR GH VLVWHPDV KtEULGRV FXDQGR VH GHVSURWRQD HO
JUXSR DPLQR SUHVHQWH HQ VX HVWUXFWXUD $GHPiV VH KD FRPSDUDGR OD
Capítulo 9. 

YDULDFLyQGHOPi[LPRGHHPLVLyQGHIOXRUHVFHQFLDFRQHOS+SDUDWRGRVORV
VLVWHPDV KtEULGRVPRVWUDQGR TXH WRGRV HOORV VLJXHQ HOPLVPRSHUILO GH
GHVDFWLYDFLyQGHIOXRUHVFHQFLDFRQ OLJHURVFDPELRVHQHOYDORUGHS+DO
TXHVXFHGH

0HGLGDGHORVSULQFLSDOHVSDUiPHWURVIRWRTXtPLFRV
$ODKRUDGHFDUDFWHUL]DUORVSURFHVRVGHGHVDFWLYDFLyQTXHWLHQHQ
OXJDU HQ QXHVWURV VLVWHPDV VH SXHGH UHFXUULU D XQD VHULH GH SDUiPHWURV
FLQpWLFRVPX\~WLOHV FRPR HO UHQGLPLHQWR FXiQWLFR ) ORV WLHPSRVGH
YLGD W \ ODV FRQVWDQWHV GH YHORFLGDG SDUD HO SURFHVR GH GHVDFWLYDFLyQ
UDGLDWLYR Srk )\QRUDGLDWLYR
S
nrk ).
(QQXHVWURFDVR VH WLHQHQSURFHVRVXQLPROHFXODUHVSRU ORTXH OD
YHORFLGDG GH GHVDFWLYDFLyQ VLJXH XQD FLQpWLFD GH SULPHU RUGHQ (Q OD
HFXDFLyQ  VH PXHVWUD OD UHODFLyQ TXH H[LVWH HQWUH ORV GLIHUHQWHV
SDUiPHWURVSDUDXQDGHVFULSFLyQPiVGHWDOODGDYHUDSDUWDGR
S
nr
S
r
S
rS
r kk
kĲkĭ         HF
(QODWDEODVHUHFRJHQORVUHVXOWDGRVREWHQLGRVSDUDORVWLHPSRV
GHYLGDPHGLDORVUHQGLPLHQWRVFXiQWLFRV\ODVFRQVWDQWHVGHYHORFLGDGGH
ORVSURFHVRVGHGHVDFWLYDFLyQ UDGLDWLYRV\QR UDGLDWLYRVGH ORV VLVWHPDV
HVWXGLDGRV$SDUWLUGHHVWRVYDORUHVVHSXHGHQREVHUYDUFLHUWDVGLIHUHQFLDV
HQWUHORVOLJDQGRVOLEUHV\ORVTXHVHHQFXHQWUDQXQLGRVDODVQDQRSDUWtFXODV
\DTXHHQJHQHUDOHOUHQGLPLHQWRFXiQWLFRHVPD\RUSDUDORVVLVWHPDV7SL
\ 1SL (VWRV UHVXOWDGRV VRQ FRPSDUDEOHV D ORV HQFRQWUDGRV HQ OD
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ELEOLRJUDItDGRQGHVHHVWXGLyODDGVRUFLyQGHGLIHUHQWHVJUXSRVDURPiWLFRV
HQODVXSHUILFLHGH6L2/DGLVPLQXFLyQGHOUHQGLPLHQWRFXiQWLFRVXJLHUH
TXH H[LVWH FLHUWD LQWHUDFFLyQ HQWUH HO JUXSR DURPiWLFR GHO SLUHQR \ OD
VXSHUILFLHGHODVQDQRSDUWtFXODVGHERKHPLWD
7DEOD3ULQFLSDOHVSDUiPHWURVIRWRTXtPLFRVGHORVVLVWHPDVVLQWHWL]DGRVHQ
GLVROXFLyQDFXRVDDS+EDMRDWPyVIHUDGHQLWUyJHQR
 ĭ ĲQV NU[V NQU[V
7SL    
%7SL    
1SL    
%1SL    
%1SL    

/DSRVLELOLGDGGHTXHODVXQLGDGHVGHSLUHQRHVWpQLQWHUDFFLRQDQGR
FRQODVXSHUILFLHGHODVQDQRSDUWtFXODVVHSXHGHFRPSUREDUDOFRPSDUDUORV
UHVXOWDGRVREWHQLGRVSDUDHOVLVWHPD%1SL\%1SL&RQIRUPHVHDFRUWD
ODORQJLWXGGHODFDGHQDRORTXHHVORPLVPRVHDFHUFDQODVXQLGDGHVGH
SLUHQRDODVXSHUILFLHVyOLGDHOUHQGLPLHQWRFXiQWLFRVHUHGXFHGHSDUD
HOVLVWHPDKtEULGR%1SLDSDUDHOVLVWHPD%1SL3DUDFRUURERUDUHVWD
REVHUYDFLyQVHVLQWHWL]yXQ~OWLPRVLVWHPDKtEULGRHQHOTXHPRGLILFyOD
VXSHUILFLHGHODVQDQRSDUWtFXODVFRQXQLGDGHVGHSLUHQR%SL(QHVWHFDVR
HO UHQGLPLHQWR FXiQWLFR IXH PHQRU GHO  OR TXH UDWLILFD TXH OD
GHVDFWLYDFLyQ GH OD HPLVLyQ GH IOXRUHVFHQFLD GHO SLUHQR HV GHELGD D OD
LQWHUDFFLyQFRQHOVRSRUWHVyOLGR
(Q FXDQWR D ORV YDORUHV GH WLHPSRV GH YLGD PHGLD REWHQLGRV VH
SXHGHGHFLUTXHVRQVLPLODUHVSDUDWRGRVORVFRPSXHVWRV\TXHQRVHKDQ
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HQFRQWUDGRJUDQGHVGLIHUHQFLDVHQWUHORVYDORUHVGHWLHPSRGHYLGDPHGLD
SDUDORVOLJDQGRVOLEUHV\SDUDORVVLVWHPDVKtEULGRV(QODILJXUDVH
PXHVWUDQORVUHVXOWDGRVREWHQLGRVSDUDORVVLVWHPDV%7SL%1SL\%1SL
DS+

)LJXUD7LHPSRVGHYLGDGHORVVLVWHPDVKtEULGRV%1SL %1SL \
%7SL DS+OH[F QP

7DPELpQVHPLGLHURQORVWLHPSRVGHYLGDPHGLDDS+\SDUD
HVWXGLDUHOHIHFWRTXHWLHQHHOJUDGRGHSURWRQDFLyQHQHVWHSDUiPHWUR$
PRGR GH HMHPSOR HQ OD ILJXUD  VH PXHVWUDQ ORV UHVXOWDGRV SDUD HO
VLVWHPD%7SL\7SL







   
,
XD
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%1SL
%1SL
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
)LJXUD9DULDFLyQGHORVWLHPSRVGHYLGDPHGLDGHORVVLVWHPDV%7SL$\
7SL%DGLIHUHQWHVS+HQGLVROXFLyQDFXRVDEDMRFRUULHQWHGHQLWUyJHQR
OH[F QP
(QODWDEODVHUHFRJHQORVYDORUHVGHORVWLHPSRVGHYLGDPHGLD
SDUDWRGRVORVVLVWHPDVHVWXGLDGRVDORVGLIHUHQWHVS+V6HKDREVHUYDGR
XQDGLVPLQXFLyQGHOYDORUGHĲHQWRGRVORVVLVWHPDVWDQWRVLODPROpFXOD
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VHHQFXHQWUDOLEUHHQGLVROXFLyQRVRSRUWDGDHQODVQDQRSDUWtFXODV$GHPiV
VHSURGXFHXQDGLVPLQXFLyQGHOWLHPSRGHYLGDGHPDQHUDJHQHUDODS+
TXHFRLQFLGHFRQODGHVDFWLYDFLyQGHODHPLVLyQGHIOXRUHVFHQFLDPHGLDQWH
HOPHFDQLVPRGHWLSR3(7
7DEOD7LHPSRVGHYLGDWQVSDUDWRGRVORVVLVWHPDVHVWXGLDGRVDS+\
HQGLVROXFLyQDFXRVDEDMRFRUULHQWHGHQLWUyJHQR
 S+  S+  S+  
7SL   
%7SL   
%1SL   
%1SL   

(Q FXDQWR D OD FLQpWLFD GH OD GHVDFWLYDFLyQ GH IOXRUHVFHQFLD HQ
WRGRV ORV FDVRV ORV UHVXOWDGRV VH DMXVWDQ D XQD GHVDFWLYDFLyQ GH SULPHU
RUGHQ$GHPiVDOVRSRUWDUORVOLJDQGRVHQODVXSHUILFLHGHODERKHPLWDVH
SURGXFHXQDXPHQWRHQODYHORFLGDGGHGHVDFWLYDFLyQQRUDGLDWLYDUHVSHFWR
D ORV OLJDQGRV QR VRSRUWDGRV'H QXHYR HVWH HIHFWR HVPi[LPR SDUD HO
VLVWHPD%1SLGRQGHOD ORQJLWXGGH ODFDGHQDSROLDPtQLFDHVPHQRU(O
UHVXOWDGRJOREDOHVXQDGLVPLQXFLyQGHOUHQGLPLHQWRFXiQWLFRFRPRVHKD
FRPHQWDGRSUHYLDPHQWH
3RU~OWLPRVHUHDOL]DURQPHGLGDVPHGLDQWHODWpFQLFDGHQRPLQDGD
flash IRWyOLVLVHQODVTXHVHLUUDGLDURQGLVROXFLRQHVGH7SL\%7SLDQP
FRQXQOiVHU&RQHVWDWpFQLFDHVSRVLEOHH[FLWDUDORVHOHFWURQHVDQLYHOHV
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HQHUJpWLFRVVXSHULRUHV\YHUODIRUPDFLyQGHHVSHFLHVGHWUDQVLFLyQ(QOD
ILJXUDVHPXHVWUDQORVUHVXOWDGRVSDUDHOVLVWHPD7SL/DVPHGLGDVVH
UHDOL]DURQDS+ FRQXQWLHPSRGHUHWDUGRGHQVEDMRDWPyVIHUDGH
QLWUyJHQR$\EDMRDWPyVIHUDVDWXUDGDGHR[tJHQR%6HREVHUYDQGRV
HVSHFLHVGLIHUHQWHVTXHVHSXHGHQDVLJQDUDOHVWDGRSLȜPD[ QP\
SLāȜPD[ QPFRQVLVWHQWHVFRQODOLWHUDWXUD

)LJXUD0HGLGDVGHflashIRWyOLVLVREWHQLGDVSDUDHO6LVWHPD7SLHQDJXDD
S+HQDWPyVIHUDGH1$\GH2%









   
'
$E
VRU
FLy
Q
O QP












$






   
'
$E
VRU
FLy
Q
O QP












%
Capítulo 9. 

5HFRQRFLPLHQWRDQLyQLFR
8QD YH] TXH VH FRQRFH HO FRPSRUWDPLHQWR IRWRTXtPLFR GH ORV
VLVWHPDVTXHVHKDQSUHSDUDGRVHKDHVWXGLDGRVXKDELOLGDGSDUDGHWHFWDU
DQLRQHVKDOXUR\RDQLRQHVVXOIDWR\IRVIDWRHQGLVROXFLyQDFXRVD$SDUWLU
GHODUHVSXHVWDIOXRUHVFHQWHGHORVGLIHUHQWHVVLVWHPDVHQIXQFLyQGHOS+
VH KD GHFLGLGR UHDOL]DU HO HVWXGLR GH UHFRQRFLPLHQWR DQLyQLFR D S+ 
PDQWHQLHQGRODWHPSHUDWXUDFRQVWDQWHD./RVDQLRQHVTXHVH
KDQHVWXGLDGRKDQVLGRIOXRUXURFORUXUREURPXUR\\RGXUR
(Q OD ILJXUD  VH UHSUHVHQWDQ ORV FDPELRV SURGXFLGRV HQ OD
HPLVLyQ GH IOXRUHVFHQFLD GHO UHFHSWRU %1SL FRQIRUPH VH DGLFLRQDQ
FDQWLGDGHV FUHFLHQWHV GH IOXRUXUR \ \RGXUR /D DGLFLyQ GH IOXRUXUR QR
DIHFWDDODLQWHQVLGDGGHOHVSHFWURGHHPLVLyQ3RUHOFRQWUDULRFXDQGRVH
DGLFLRQD\RGXURDXQDGLVSHUVLyQGHQDQRSDUWtFXODVGH%1SLVHSURGXFH
XQD GLVPLQXFLyQ VLJQLILFDWLYD GH OD HPLVLyQ GH IOXRUHVFHQFLD /RV
H[SHULPHQWRVTXHVHPXHVWUDQHQODILJXUDVHKDQOOHYDGRDFDERSDUD
HOUHVWRGHORVKDOXURVDGHPiVGHORVDQLRQHVVXOIDWR\IRVIDWR

)LJXUD(VSHFWURVGHHPLVLyQGHIOXRUHVFHQFLDGHOVLVWHPD%1SLHQ
SUHVHQFLDGHFDQWLGDGHVFUHFLHQWHVGHIOXRUXUR\\RGXURHQGLVROXFLyQDFXRVDD
S+ OH[F QP
    
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(QODILJXUDVHPXHVWUDHOPi[LPRGHHPLVLyQGHIOXRUHVFHQFLD
GHOVLVWHPD%1SLQRUPDOL]DGRIUHQWHDODHPLVLyQGHOVLVWHPDVLQDQLyQ
IUHQWHDODDGLFLyQGHORVGLIHUHQWHVDQLRQHVSDUDYHUFXiOHVVRQFDSDFHVGH
PRGLILFDUODUHVSXHVWDIRWRTXtPLFDGHOUHFHSWRUKtEULGR6HSXHGHREVHUYDU
TXH~QLFDPHQWHHO\RGXURHVFDSD]GHSURGXFLUFDPELRVHQODHPLVLyQGH
IOXRUHVFHQFLD

)LJXUD5HSUHVHQWDFLyQGHOPi[LPRGHHPLVLyQGHIOXRUHVFHQFLDGHORV
VLVWHPDV%1SL,,IUHQWHDODDGLFLyQGHFDQWLGDGHVFUHFLHQWHVGHGLIHUHQWHV
DQLRQHVDS+OH[F QP\OHPLV QP
6HKDQUHDOL]DGRODVPLVPDVYDORUDFLRQHVSDUDHOUHVWRGHVLVWHPDV
VLQWHWL]DGRV\HQWRGRVHOORV~QLFDPHQWHVHKDREVHUYDGRXQDGHVDFWLYDFLyQ
GHODIOXRUHVFHQFLDIUHQWHDODSUHVHQFLDGH\RGXURILJXUD\

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
)LJXUD5HSUHVHQWDFLyQGHOPi[LPRGHHPLVLyQGHIOXRUHVFHQFLDGHORV
VLVWHPDV7SL\%7SL,,IUHQWHDODDGLFLyQGHFDQWLGDGHVFUHFLHQWHVGH
GLIHUHQWHVDQLRQHVDS+OH[F QP\OHPLV QP

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
)LJXUD5HSUHVHQWDFLyQGHOPi[LPRGHHPLVLyQGHIOXRUHVFHQFLDGHO
VLVWHPD%1SL,,IUHQWHDODDGLFLyQGHFDQWLGDGHVFUHFLHQWHVGHGLIHUHQWHV
DQLRQHVDS+OH[F QP\OHPLV QP
(Q OD ILJXUD VHKDFRPHQWDGR ODYDULHGDGGHPHFDQLVPRVTXH
SXHGHQH[SOLFDUXQSURFHVRGHGHVDFWLYDFLyQGHODIOXRUHVFHQFLD(QHOFDVR
GH ORV LRQHV KDOXUR DVt FRPR ORV pseudoKDOXURV \ DOJXQRV PHWDOHV
SHVDGRVODGHVDFWLYDFLyQGHODIOXRUHVFHQFLDRFXUUHFRPRUHVXOWDGRGHXQ
SURFHVRGHFUXFHLQWHUVLVWHPDGHVGHXQHVWDGRH[FLWDGRVLQJOHWHDXQHVWDGR
H[FLWDGRWULSOHWHSRUFRQWDFWRFRQHODQLyQ/DYXHOWDDOHVWDGRIXQGDPHQWDO
GHVGHXQHVWDGRWULSOHWHVXHOHVHUOHQWDSRUORTXHODUHODMDFLyQVHSXHGH
GDUPHGLDQWHSURFHVRVQRUDGLDWLYRVPHGLDQWHSURFHVRVUDGLDWLYRVFRPROD
IRVIRUHVFHQFLDRSXHGHVHUGHVDFWLYDGDSRUODSUHVHQFLDGHXQDPROpFXOD
GHVDFWLYDGRUDILJXUD

Capítulo 9. 


)LJXUD'LDJUDPDGH-DEORQVNLPRGLILFDGRTXHPXHVWUDODGHVDFWLYDFLyQ
SRUODSUHVHQFLDGHKDOXURV/DYXHOWDDOHVWDGRIXQGDPHQWDOGHVGHHOHVWDGR
WULSOHWHSXHGHVXFHGHUDWUDYpVGHSURFHVRVUDGLDWLYRVQDUDQMDQRUDGLDWLYRV
URMRVRGHVDFWLYDFLyQSRUODSUHVHQFLDGHXQDHVSHFLHGHVDFWLYDGRUD
(QEDVHDORVUHVXOWDGRVREWHQLGRVKDVWDDKRUDVHSXHGHGHFLUTXHHO
\RGXUR DFW~D FRPR XQ VXVWUDWR GHVDFWLYDGRU 4 GH OD HPLVLyQ GH
IOXRUHVFHQFLDGHOSLUHQR6LQHPEDUJR\WDOFRPRVHYLRHQODLQWURGXFFLyQ
DSDUWDGRH[LVWHQGRVSRVLELOLGDGHV(QHOFDVRGHXQDGHVDFWLYDFLyQ
HVWiWLFDORVIOXRUyIRURVSUHVHQWHVHQODGLVROXFLyQIRUPDQFRPSOHMRVFRQ
ODHVSHFLHGHVDFWLYDGRUD 4HQHO HVWDGR IXQGDPHQWDO\HVWDDVRFLDFLyQ
SXHGHLQGXFLUFDPELRVHQODVSURSLHGDGHVGHOIOXRUyIRURGHPDQHUDTXHQR
VH SURGXFH OD SRVWHULRU GHVDFWLYDFLyQ UDGLDWLYD 2WUD SRVLELOLGDG HV OD
GHVDFWLYDFLyQGLQiPLFDGRQGHODYXHOWDDOHVWDGRIXQGDPHQWDOVHSURGXFH
SRU FROLVLyQ HQWUH HO HVWDGR H[FLWDGR \ OD HVSHFLH 4 (VWH SURFHVR HVWi
FRQWURODGR SRU OD UDSLGH] FRQ TXH 4 SXHGH GLIXQGLUVH D WUDYpV GH OD
GLVROXFLyQ\FROLVLRQDUFRQHOHVWDGRH[FLWDGRGHOIOXRUyIRUR3DUDHVWXGLDU
HOWLSRGHGHVDFWLYDFLyQTXHWLHQHOXJDUHQQXHVWURVVLVWHPDVVHUHFXUUHDOD
HFXDFLyQGH6WHUQ9ROPHUHFXDFLyQ\
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WQSV kK         HF
'RQGH , H , VRQ ODV LQWHQVLGDGHV GH IOXRUHVFHQFLD HQ DXVHQFLD \ HQ
SUHVHQFLD GH 4 UHVSHFWLYDPHQWH N4 HV OD FRQVWDQWH TXH GHVFULEH OD
YHORFLGDGGHGHVDFWLYDFLyQELPROHFXODU\WHVHOWLHPSRGHYLGDPHGLDHQ
DXVHQFLDGH4
(Q OD ILJXUD  VH PXHVWUDQ ORV FDPELRV HQ OD HPLVLyQ GH
IOXRUHVFHQFLD GHO VLVWHPD %1SL IUHQWH D OD DGLFLyQ GH FDQWLGDGHV
FUHFLHQWHVGH.,6LUHSUHVHQWDPRV,,IUHQWHDODFDQWLGDGGHDQLyQDxDGLGR
VHSXHGHQDMXVWDUORVYDORUHVH[SHULPHQWDOHVDODHFXDFLyQGHXQDUHFWD/D
RUGHQDGDHQHORULJHQHVSUy[LPDDODXQLGDG\ODSHQGLHQWHGHODUHFWDHV
ODFRQVWDQWHGH6WHUQ9ROPHU.69

)LJXUD&DPELRVHQODHPLVLyQGHIOXRUHVFHQFLDGHOVLVWHPD%1SLIUHQWHD
ODDGLFLyQGHFDQWLGDGHVFUHFLHQWHVGH.,HQGLVROXFLyQDFXRVDDS+
ȜH[F QP\OHPLV QP,QVHUFLyQ,,IUHQWHDOD>,@
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/DVYDULDFLRQHVHQ ODHPLVLyQGHIOXRUHVFHQFLD\HOFiOFXORGHODV
FRQVWDQWHV GH 6WHUQ9ROPHU SDUD ORV VLVWHPDV %1SL %7SL \ 7SL VH
PXHVWUDQHQODVILJXUDV\UHVSHFWLYDPHQWH/RVUHVXOWDGRV
REWHQLGRV SDUD ORV VLVWHPDV TXH WLHQHQ SROLDPLQDV GH FDGHQD DELHUWD VH
SDUHFHQHQWUHVt\VRQEDVWDQWHPHQRUHVTXHORVVLVWHPDVHQORVTXHVHKD
HPSOHDGRODFDGHQDWULSRGDOSRUORTXHSDUHFHTXHPLHQWUDVTXHHOQ~PHUR
GHiWRPRVGDGRUHVQRSDUHFHLQIOXLUHQHOPHFDQLVPRGHGHVDFWLYDFLyQGH
ODIOXRUHVFHQFLDVtWLHQHLPSRUWDQFLDODWRSRORJtDGHODPROpFXODRUJiQLFD

)LJXUD&DPELRVHQODHPLVLyQGHIOXRUHVFHQFLDGHOVLVWHPD%1SLIUHQWHD
ODDGLFLyQGHFDQWLGDGHVFUHFLHQWHVGH.,HQGLVROXFLyQDFXRVDDS+
ȜH[F QP\OHPLV QP,QVHUFLyQ,,IUHQWHDOD>,@

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
)LJXUD&DPELRVHQODHPLVLyQGHIOXRUHVFHQFLDGHOVLVWHPD%7SLIUHQWHDOD
DGLFLyQGHFDQWLGDGHVFUHFLHQWHVGH.,HQGLVROXFLyQDFXRVDDS+
ȜH[F QP\OHPLV QP,QVHUFLyQ,,IUHQWHDOD>,@


)LJXUD&DPELRVHQODHPLVLyQGHIOXRUHVFHQFLDGHOVLVWHPD7SLIUHQWHDOD
DGLFLyQGHFDQWLGDGHVFUHFLHQWHVGH.,HQGLVROXFLyQDFXRVDDS+
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$OS+GHWUDEDMRWRGRVORVJUXSRVDPLQRVHHQFXHQWUDQSURWRQDGRV
\ ODSUHVHQFLDGH LQWHUDFFLRQHVHOHFWURVWiWLFDV HQWUH ODV FDUJDVSRVLWLYDV
ORFDOL]DGDVHQORVJUXSRVDPLQR\ORVDQLRQHV\RGXURSXHGHIDYRUHFHUHO
PHFDQLVPRGHGHVDFWLYDFLyQSRUFROLVLyQ
3DUDREWHQHUPiVLQIRUPDFLyQVREUHHOPHFDQLVPRGHGHVDFWLYDFLyQ
TXHHO\RGXURSURYRFDHQORVVLVWHPDVVLQWHWL]DGRVVHPLGLHURQORVWLHPSRV
GHYLGDHQSUHVHQFLDGHODQLyQILJXUD\(VLPSRUWDQWHGHVWDFDU
TXHQRVyORGLVPLQX\HODHPLVLyQGHIOXRUHVFHQFLDHQSUHVHQFLDGH\RGXUR
VLQRTXHWDPELpQVHREVHUYDXQDGLVPLQXFLyQGH ORV WLHPSRVGHYLGDHQ
WRGRVORVFDVRVFRPRVHSXHGHYHUHQODWDEOD

)LJXUD7LHPSRVGHYLGDGHORVVLVWHPDV%1SL$%1SL%HQDXVHQFLD
\HQSUHVHQFLDGH.,DS+EDMRFRUULHQWHGHQLWUyJHQR>.,@ 0
OH[F QP
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
)LJXUD7LHPSRVGHYLGDGHORVVLVWHPDV%7SL&\7SL'HQDXVHQFLD\
HQSUHVHQFLDGH.,DS+EDMRFRUULHQWHGHQLWUyJHQR>.,@ 0
OH[F QP

7DEOD&RQVWDQWHVGH6WHUQ9ROPHUFRQVWDQWHVGHYHORFLGDGGHOSURFHVRGH
GHVDFWLYDFLyQ\ WLHPSRVGHYLGDHQSUHVHQFLD\HQDXVHQFLDGH\RGXURDS+
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
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8QD YH] TXH VH FRQRFHQ ODV FRQVWDQWHV GH 6WHUQ9ROPHU \ ORV
WLHPSRVGHYLGDHQDXVHQFLD\HQSUHVHQFLDGH\RGXURHVSRVLEOHFRQRFHU
ODFRQVWDQWHGHYHORFLGDGGHGHVDFWLYDFLyQELPROHFXODUN4WDEOD/RV
YDORUHVGHN4REWHQLGRVSDUDORVVLVWHPDVHQORVTXHVHKDHPSOHDGRXQD
SROLDPLQDWULSRGDOVRQGHORUGHQGH0V(VWRVYDORUHVVRQWtSLFRV
GHXQPHFDQLVPRGHGHVDFWLYDFLyQGLQiPLFR
(QHOFDVRGH ORV VLVWHPDVHQ ORVTXHVHKDDQFODGRXQDFDGHQD
SROLDPtQLFDDELHUWDVHKDQHQFRQWUDGRYDORUHVGHFRQVWDQWHVGHYHORFLGDG
LQIHULRUHV(VWDGLVPLQXFLyQHQORVYDORUHVGHNTSXHGHVHUGHELGDDTXHHO
\RGXURWLHQHXQDPHQRUDFFHVLELOLGDGDODVXQLGDGHVGHSLUHQRSUHVHQWHVHQ
ODPROpFXODRUJiQLFDFXDQGRVHWLHQHQFDGHQDVDFtFOLFDV6LQHPEDUJRHO
KHFKRGHTXHHQHOFDVRGHODFDGHQDWULSRGDOVHSURGX]FDXQDLQWHUDFFLyQ
HQWUHODVDPLQDVSURWRQDGDV\HODQLyQFRPRVHKDYLVWRHQHOGLDJUDPDGH
GLVWULEXFLyQGHHVSHFLHVGHOVLVWHPD7SL\RGXURIDFLOLWDTXHHO\RGXURHVWp
PiVSUy[LPRDODVXQLGDGHVGHSLUHQR\SRUORWDQWRTXHODGHVDFWLYDFLyQ
SRU FROLVLyQ VH YHD IDYRUHFLGD 'H QXHYR OD WRSRORJtD GH OD PROpFXOD
RUJiQLFD MXHJDXQSDSHO LPSRUWDQWH HQHOSURFHVRGH UHFRQRFLPLHQWRGH
\RGXURHQODGLVROXFLyQ
3RU OR WDQWR GDGR TXH H[LVWH FLHUWD LQWHUDFFLyQ HQWUH OD FDGHQD
SROLDPLQLFD WULSRGDO\ HO\RGXUR HQ HO HVWDGR IXQGDPHQWDO QR VHSXHGH
H[FOXLU GH IRUPD GHILQLWLYD XQD FRQWULEXFLyQ HVWiWLFD DO PHFDQLVPR GH
GHVDFWLYDFLyQ GHO SLUHQR'HPDQHUD JHQHUDO VH KD HVWDEOHFLGR TXH XQD
FRPELQDFLyQ GH DPERVPHFDQLVPRV GHVDFWLYDFLyQ GLQiPLFD \ HVWiWLFD
SURGXFHXQDFXUYDWXUDHQODUHSUHVHQWDFLyQGHODJUiILFDGH6WHUQ9ROPHU
6LQ HPEDUJR H[LVWHQ HMHPSORV HQ ORV TXH OD FXUYDWXUD HV DSHQDV
DSUHFLDEOH(QHVWRVFDVRVODUHODFLyQĭĭ ĲĲQRVHSXHGHDSOLFDU3RU
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HMHPSORSDUDHOVLVWHPD%7SLĭĭ \ĲĲ ORTXHUHIXHU]DODLGHD
GHTXHH[LVWHFLHUWDFRPSOHMDFLyQHQHOHVWDGRIXQGDPHQWDO
3DUD SRGHU FRUURERUDU HVD SRVLEOH LQWHUDFFLyQ HQWUH HO 7SL \ HO
\RGXUR HQ GLVROXFLyQ DFXRVD VH UHDOL]DURQ HVWXGLRV GH FRPSOHMDFLyQ
PHGLDQWH SRWHQFLRPHWUtD (Q OD ILJXUD  VH PXHVWUD HO GLDJUDPD GH
GLVWULEXFLyQGHHVSHFLHVSDUDHOVLVWHPD7SLGRQGHVHSXHGHYHUTXHDS+
VHIRUPDFLHUWDFDQWLGDGGHFRPSOHMR7SL\RGXURPLHQWUDVTXHQRH[LVWH
SUiFWLFDPHQWHLQWHUDFFLyQSDUDODVSROLDPLQDVGHFDGHQDDELHUWDFRPRHO
1SL

)LJXUD  'LDJUDPD GH GLVWULEXFLyQ GHO VLVWHPD 7SL\RGXUR
GHWHUPLQDGRHQ1D&OPROāGPD.
6HUHSLWLHURQODVYDORUDFLRQHVGH6WHUQ9ROPHUDGLIHUHQWHVS+VSDUD
FRPSUREDUVLUHDOPHQWHHUDSRVLEOHPRGLILFDUHOYDORUGHODFRQVWDQWH.69
HQIXQFLyQGHOJUDGRGHSURWRQDFLyQGHORVJUXSRVDPLQRILJXUD$
S+VHHQWRGRVORVVLVWHPDVHVWXGLDGRV$S+EiVLFRORVJUXSRVDPLQR
QRVHHQFXHQWUDQSURWRQDGRVHQWRGRVORVFDVRV\ODGHVDFWLYDFLyQGHOD
IOXRUHVFHQFLD VH SURGXFH DGHPiV D WUDYpV GH XQ PHFDQLVPR GH
GHVDFWLYDFLyQ SRU WUDQVIHUHQFLD HOHFWUyQLFD IRWRLQGXFLGD 3(7 (V

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LQWHUHVDQWHGHVWDFDUTXH ODGLVPLQXFLyQHQHOYDORUGH ODFRQVWDQWHHQHO
FDVRGHOVLVWHPD%1SLVHSURGXFHDXQS+PD\RUHQFRPSDUDFLyQFRQHO
%1SL(VWRVHSXHGHH[SOLFDUHQEDVHDOFRPSRUWDPLHQWRiFLGREDVHGH
ORVVLVWHPDV\DTXHHO%1SLVHGHVSURWRQDDXQS+PD\RUTXHHO%1SL

)LJXUD9DULDFLRQHVGHODFRQVWDQWHGH6WHUQ9ROPHUGHORVVLVWHPDV7SL
%7SL%1SL\%1SLFRQHOS+

 %LDQFKLet al.KDQHVWXGLDGR OD LQWHUDFFLyQGH ODFDGHQD WULSRGDO
WULVDPLQRHWLODPLQDODPLVPDTXHIRUPDSDUWHGHORVVLVWHPDV7SL\
%7SL FRQ GLIHUHQWHV DQLRQHV FRPR HO 12í 62í \ +32íPHGLDQWH
SRWHQFLRPHWUtD$SDUWLUGHORVUHVXOWDGRVREWHQLGRVVHKDFRPSUREDGR
TXH OD FDGHQD WULSRGDO IRUPD FRPSOHMRV FRQ FLHUWRV DQLRQHV LQFOXVR HQ
GLVROXFLyQDFXRVD6HKDQUHDOL]DGRORVPLVPRVHVWXGLRVSRWHQFLRPpWULFRV
FRQHOOLJDQGR7SLSDUDPHGLUODLQWHUDFFLyQFRQVXOIDWRIRVIDWR\\RGXUR
WDEOD(QWRGRVORVFDVRVVHKDREVHUYDGRODIRUPDFLyQGHHVSHFLHV
>+S/$@SQ$XQTXHH[LVWHLQWHUDFFLyQFRQORVWUHVDQLRQHVFXDQGRVHKDQ
UHDOL]DGRODVYDORUDFLRQHVPHGLDQWHHVSHFWURVFRStDGHIOXRUHVFHQFLDVyOR
VHKDREVHUYDGRXQDGLVPLQXFLyQHQODHPLVLyQGHIOXRUHVFHQFLDHQHOFDVR
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GHO\RGXURDS+ILJXUD(QHOFDVRGHODLQWHUDFFLyQFRQ\RGXUR
OD LQWHUDFFLyQ GHO DQLyQ ORV JUXSRV DPLQR SURWRQDGRV SUHVHQWHV HQ OD
FDGHQD IDYRUHFH OD SUR[LPLGDG R OD DFFHVLELOLGDG GHO \RGXUR DO SLUHQR
KDFLHQGRTXHHOSURFHVRGHGHVDFWLYDFLyQSRUFROLVLyQVHDPiVHILFD]TXH
HQ HO FDVR GH ORV VLVWHPDV TXH WLHQHQ XQD FDGHQD DFtFOLFD GyQGH OD
LQWHUDFFLyQFRQHO\RGXURHVPHQRU

)LJXUD&DPELRVHQODHPLVLyQGHIOXRUHVFHQFLDGHOVLVWHPD7SLIUHQWHDOD
DGLFLyQGHFDQWLGDGHVFUHFLHQWHVGH62í\+32íHQGLVROXFLyQDFXRVDDS+
ȜH[F QP

7DEOD/RJDULWPRVGHGHODVFRQVWDQWHVGHHVWDELOLGDGSDUDODLQWHUDFFLyQGHO
OLJDQGR 7SL FRQ 62í \ +32í GHWHUPLQDGRV HQ 1D&O  PROāGP D
.
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&iOFXORGHOOtPLWHGHGHWHFFLyQ
3DUD FRQRFHU OD VHQVLELOLGDG GHO SURFHVR GH UHFRQRFLPLHQWR GH
\RGXURVHKDPHGLGRHOOtPLWHGHGHWHFFLyQ/'SDUDWRGRVORVVLVWHPDV
(OOtPLWHGHGHWHFFLyQ/'VHGHILQHFRPRODPtQLPDFDQWLGDGGHVXVWUDWR
QHFHVDULD SDUD SURGXFLU XQD UHVSXHVWD GLIHUHQWH D OD GHO EODQFR TXH HQ
QXHVWURFDVRVHUtDHOVLVWHPDKtEULGRHQDXVHQFLDGH\RGXURYHUDSDUWDGR
 (Q OD ILJXUD  VHPXHVWUD OD YDORUDFLyQ UHDOL]DGD DO VLVWHPD
%1SLSDUDFDOFXODUHOOtPLWHGHGHWHFFLyQ

)LJXUD9DULDFLyQGHODLQWHQVLGDGGHHPLVLyQGHIOXRUHVFHQFLDGHOVLVWHPD
%1SLIUHQWHDDGLFLRQHVFUHFLHQWHVGH\RGXUROH[F QP\OHPLV QP
6HKDHVWLPDGRTXHORVYDORUHVGHOOtPLWHGHGHWHFFLyQGH\RGXUR
VRQSSESDUDHOOLJDQGR7SLSSESDUDHOVLVWHPDKtEULGR%7SL
SSESDUDHOVLVWHPD%1SL\SSESDUDHOVLVWHPD%1SL$XQTXHHO
OtPLWHGHGHWHFFLyQHVDOJRPD\RUHQHOFDVRGHOVLVWHPDKtEULGR%1SL
WRGRVHOORVHVWiQSRUGHEDMRGHSSPTXHHVODPi[LPDFRQFHQWUDFLyQ
GH \RGXUR UHFRPHQGDEOH HQ HO DJXD GH FRQVXPR VHJ~Q OD RUJDQL]DFLyQ
\ [(
5ð 
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PXQGLDO GH OD VDOXG 206 3RU OR WDQWR VH SXHGH FRQVLGHUDU TXH ORV
VLVWHPDVKtEULGRVVLQWHWL]DGRVUHSUHVHQWDQXQDFODUDRSFLyQHQODGHWHFFLyQ
GH\RGXURPHGLDQWHIOXRUHVFHQFLD

&RQFOXVLRQHV
6H KDQ HVWXGLDGR ODV SURSLHGDGHV IRWRTXtPLFDV GH YDULDV
SROLDPLQDVFRQGLIHUHQWHWRSRORJtDTXHFRQWLHQHQXQLGDGHVGHSLUHQRHQVX
HVWUXFWXUD$GHPiVGHHVWXGLDUHVWRVOLJDQGRVHQGLVROXFLyQDFXRVDVHKDQ
DQFODGR D OD VXSHUILFLH GH QDQRSDUWtFXODV GH ERKHPLWD GH  QP GH
GLiPHWUR 7DQWR ORV OLJDQGRV HQ VX IRUPD OLEUH FRPR DQFODGRV HQ ODV
QDQRSDUWtFXODVKDQGHPRVWUDGR VHU VHOHFWLYRVSDUD\RGXUR IUHQWHDRWURV
KDOXURV\DQLRQHV$GHPiVVHKDPHGLGRHOOtPLWHGHGHWHFFLyQREWHQLHQGR
UHVXOWDGRVPX\SURPHWHGRUHVSDUDWRGRVORVVLVWHPDV
$ SDUWLU GH ORV UHVXOWDGRV IRWRTXtPLFRV REWHQLGRV VH KD
FRPSUREDGRTXHODIXQFLRQDOL]DFLyQGHODVXSHUILFLHFRQORVOLJDQGRVQR
KDOOHYDGRDODIRUPDFLyQGHH[FtPHURVSRUORTXHODVXQLGDGHVGHSLUHQR
VHHQFXHQWUDQGLVWULEXLGDVORVXILFLHQWHPHQWHVHSDUDGDVHQWUHVtSDUDHYLWDU
ODIRUPDFLyQGHLQWHUDFFLRQHVSRUDSLODPLHQWRGHWLSRSTXHSRGUtDQOOHYDU
DODGHVDFWLYDFLyQGHODHPLVLyQGHIOXRUHVFHQFLDGHOSLUHQR
6HKDFRPSUREDGRODLPSRUWDQFLDGHODWRSRORJtDGHODSROLDPLQD
HQ HO SURFHVR GH UHFRQRFLPLHQWR GH \RGXUR \D TXH HQ HO FDVR GH OD
SROLDPLQD WULSRGDO OD IRUPDFLyQ GH DGXFWRV OLJDQGRDQLyQ KD SHUPLWLGR
TXHHOSURFHVRGHGHVDFWLYDFLyQSRUFROLVLyQVHDPiVHIHFWLYRTXHHQHO
FDVRGHODVSROLDPLQDVGHFDGHQDDELHUWDGRQGHQRH[LVWHXQDLQWHUDFFLyQ
WDQFODUDHQWUHHO\RGXUR\ODVDPLQDVSURWRQDGDV
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3RU~OWLPRODSRVLELOLGDGGHUHFXSHUDUHOTXLPLRVHQVRUKtEULGRDO
DXPHQWDUHOS+PHGLDQWHODFHQWULIXJDFLyQGHOJHOIRUPDGRRODSRVLELOLGDG
GHSUHSDUDUFROXPQDVUHOOHQDVFRQORVVLVWHPDVKtEULGRVSDUD WUDEDMDUHQ
PRGR FRQWLQXR DxDGH XQD YHQWDMD PiV DO HPSOHR GH QDQRSDUWtFXODV
IXQFLRQDOL]DGDVHQHOFDPSRGHOUHFRQRFLPLHQWRHQGLVROXFLyQDFXRVD

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1RWH7KLVFKDSWHUKDV LQWHQWLRQDOO\EHHQZULWWHQ LQ(QJOLVK LQ
RUGHUWRREWDLQWKHHXURSHDQGRFWRUDOGHJUHH
1RWD(VWHFDStWXORKDVLGRHVFULWRHQ LQJOpVSDUD ODREWHQFLyQGHO
GRFWRUDGRHXURSHR 

Capítulo 10. 
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6XSUDPROHFXODU FKHPLVWU\ KDV EHHQ GHILQHG DV ³WKH FKHPLVWU\
EH\RQGWKHPROHFXOH´,QWHUPROHFXODUQRQFRYDOHQWERQGVDUHWKHGULYLQJ
IRUFHVIRUFRQVWUXFWLQJKLJKO\FRPSOH[V\VWHPVE\SUHRUJDQL]DWLRQRIWKH
PROHFXODU FRPSRQHQWV 6XLWDEOH IXQFWLRQDOL]HG UHFHSWRUV PD\ GLVSOD\
PROHFXODUUHFRJQLWLRQDVZHOODVVXSUDPROHFXODUUHDFWLYLW\FDWDO\VLVDQG
VHOHFWLYHWUDQVSRUWSURFHVVHV
7KHNQRZOHGJHGHYHORSHGLQWKLVILHOGKDVDOORZHGWKHUHVHDUFKHUV
WR JR D VWHS IRUZDUG LQ WKH GHVLJQ DQG JHQHUDWLRQ RI ZHOOGHILQHG
IXQFWLRQDOPROHFXODUDQGVXSUDPROHFXODUDUFKLWHFWXUHVRIQDQRPHWULFVL]H
WKURXJKVHOIRUJDQL]DWLRQRI WKHUHFHSWRUV ,Q WKLVVHQVH WKHDGYDQFHV LQ
QDQRWHFKQRORJ\KDYHSURYLGHGDYDULHW\RIQDQRVWUXFWXUHGPDWHULDOVZLWK
KLJKO\ FRQWUROOHG DQG H[FHSWLRQDO SURSHUWLHV 7KH GLVFRYHU\ RI QRYHO
PDWHULDOVSURFHVVHVDQGSKHQRPHQDDWWKHQDQRVFDOHDQGWKHGHYHORSPHQW
RIQHZH[SHULPHQWDODQGWKHRUHWLFDOWHFKQLTXHVIRUUHVHDUFKSURYLGHIUHVK
RSSRUWXQLWLHV IRU WKH GHYHORSPHQW RI LQQRYDWLYH QDQRV\VWHPV DQG
QDQRVWUXFWXUHGPDWHULDOV7KHSURSHUWLHVRIPDWHULDOVDWWKHQDQRVFDOHFDQ
EH YHU\ GLIIHUHQW IURP WKRVH DW D ODUJHU VFDOH $PRQJ WKHVH PDWHULDOV
QDQRSDUWLFOHV H[KLELW DQ LQWHQVH LQWHUHVWEHFDXVHRI WKHLUXQLTXHRSWLFDO
HOHFWURQLFPDJQHWLFFDWDO\WLFDQGRWKHUSK\VLFDOSURSHUWLHVDULVLQJIURP
WKHFKHPLFDOFRPSRVLWLRQRIWKHPDWHULDODQGWKHQDQRPHWHUGLPHQVLRQV
7KH V\QHUJLVWLF HIIHFW DFKLHYHG E\ WKH RUJDQL]DWLRQ DQG WKH
VWUXFWXUDO ULJLGLW\ RI KRVWV RQ WKH VROLG VXUIDFH LV WKH NH\ HOHPHQW IRU
HQKDQFHGUHFRJQLWLRQRIDJXHVWRIWHQUHVXOWLQJLQDQLPSURYHGVHOHFWLYLW\
DQGVHQVLWLYLW\FRPSDUHGZLWKWKHIUHHPROHFXODUKRVWV7KHLQWURGXFWLRQ
RIVXUIDFHIXQFWLRQDOLWLHVSOD\VDGHFLVLYHUROHLQWKHGHYHORSPHQWRIVXFK
V\VWHPVDQGKDVDQ LPSRUWDQW LPSDFWRQ WKHDSSOLFDWLRQRI WKHVHK\EULG
PDWHULDOVLQDUHDVUDQJLQJIURPVHQVLQJWRELRWHFKQRORJ\DQGFDWDO\VLV
Summary and conclusions. 

,QRUGHUWRDFKLHYHVHQVLWLYHGHWHFWLRQRIWDUJHWDQDO\WHVSUHVHQWDW
WUDFHOHYHOVIOXRUHVFHQFHLVE\IDUWKHGRPLQDQWGHWHFWLRQPHWKRGLQWKH
ILHOG RI VHQVLQJ WHFKQRORJ\ GXH WR LWV VLPSOLFLW\ WKH FRQYHQLHQFH RI
WUDQVGXFLQJWKHRSWLFDOVLJQDOWKHDYDLODELOLW\RIRUJDQLFG\HVZLWKGLYHUVH
VSHFWUDOSURSHUWLHVDQGWKHUDSLGDGYDQFHVPDGHLQRSWLFDOLPDJLQJ7KH
EXUVW RI QDQRWHFKQRORJ\ OHDGLQJ WR WKH GHYHORSPHQW RI PDWHULDOV ZLWK
VXEPLFURQVL]HGGLPHQVLRQVDQGXQLTXHRSWLFDOSURSHUWLHVKDVRSHQHGXS
QHZKRUL]RQVIRUIOXRUHVFHQFHGHWHFWLRQ
7KHPDLQDLPRIWKLVWKHVLVKDVEHLQJWKHGHYHORSPHQWRIV\QWKHWLF
SURFHGXUHV WR DWWDFK RUJDQLF PROHFXOHV RQ WKH VXUIDFH RI ERHKPLWH
QDQRSDUWLFOHVLQDZHOOGHILQHGFRQWUROODEOHDQGUHOLDEOHPDQQHULQRUGHU
WR GHYHORS QDQRVWUXFWXUHG GHYLFHV VXLWDEOH IRU WKHLU DSSOLFDWLRQ LQ WKH
HQYLURQPHQWDODQGELRPHGLFDOILHOGV
,QWKHIROORZLQJSDJHVWKHPDLQFRQFOXVLRQVZLOOEHRXWOLQHG
&21&/86,21  )LUVW RI DOO WZR NLQGV RI QDQRSDUWLFOHV ZHUH
REWDLQHGE\DVROJHOV\QWKHWLFSURFHGXUH7KHFRQWUROOHGK\GURO\VLVRIDQ
DOXPLQLXP DOFR[LGH LQZDWHU JDYH DV D UHVXOW WKH JDPPDSRO\PRUSKRI
DOXPLQLXPR[RK\GUR[LGH7DNLQJ LQWR DFFRXQW GLIIHUHQW SDUDPHWHUV OLNH
WKH WHPSHUDWXUH RI WKH UHDFWLRQ WKH DOXPLQLXPZDWHU UDWLR DQG WKH DFLG
FKRVHQ LQ WKH SHSWL]DWLRQ SURFHVVZHZHUH DEOH WR V\QWKHWLVH ERHKPLWH
QDQRSDUWLFOHVZLWKDQDYHUDJHVL]HEHWZHHQRIQP
,QDGGLWLRQFRUHVKHOOQDQRSDUWLFOHVZHUHREWDLQHGE\VXUURXQGLQJ
ERHKPLWHZLWKDWKLQOD\HURIDPRUSKRXVVLOLFD7KHQDQRSDUWLFOHVREWDLQHG
ZHUHVPDOOHUWKDQWKHRWKHUV
Capítulo 10. 
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%RWKQDQRSDUWLFOHVSUHVHQWDKLJKGHJUHHRIKRPRJHQHLW\LQVL]HDQG
VKDSH DQG WKH\ FDQ EH GLVSHUVHG LQ SXUH ZDWHU DQG FDUU\ RXW WKH
VSHFWURVFRSLF PHDVXUHPHQWV ZLWKRXW VFDWWHULQJ SUREOHPV )XUWKHUPRUH
ERWKV\VWHPVDUHJHOVDWS+DQGWKLVIHDWXUHDOORZXVWKHUHFRYHULQJRI
WKHPDWHULDOE\VLPSOHFHQWULIXJDWLRQSURFHGXUHV
&21&/86,21%RHKPLWHVLOLFD FRUHVKHOO QDQRSDUWLFOHVZHUH
V\QWKHWL]HGZLWKDQDYHUDJHVL]HRIQP7KHVXUIDFHZDVPRGLILHGZLWK
VLPSOHSRO\DPLQHFKDLQVFRQWDLQLQJRQHDPLQRJURXSLQWKHFDVHRI01$
DQGWKUHHDPLQRJURXSVLQWKH01$V\VWHP%RWKRUJDQLFPROHFXOHVZHUH
DOVROLQNHGWRDQDQWKUDFHQHIOXRURSKRUH
6SHFWURIOXRURPHWULFWLWUDWLRQVZHUHFDUULHGRXWWRVWXG\WKHDFLGEDVH
EHKDYLRXU RI WKH K\EULG QDQRSDUWLFOHV ,Q ERWK FDVHV D GHFUHDVH LQ WKH
IOXRUHVFHQFH HPLVVLRQ ZDV REVHUYHG DV WKH S+ ZDV LQFUHDVHG 7KH
PHFKDQLVPRIWKHTXHQFKLQJZDVDSKRWRLQGXFHGHOHFWURQWUDQVIHUIURPWKH
DPLQH ORQHSDLUV WR WKH H[FLWHG IOXRURSKRUHGXH WRGHSURWRQDWLRQRI WKH
DPPRQLXPJURXSV
$IWHUWKDWWKHV\VWHPVZHUHHPSOR\HGLQWKHGHWHFWLRQRI+J,,LQ
DTXHRXVVROXWLRQ$OWKRXJKERWKV\VWHPVZHUHDEOHWRGHWHFWWKHFDWLRQGXH
WRD&+(4HIIHFWLQWKHIOXRUHVFHQFHUHVSRQVH01$V\VWHPVKRZHGYHU\
KLJK VHOHFWLYLW\ IRU VHQVLQJ+J,, FDWLRQV LQ DTXHRXV VROXWLRQ LQ D S+
ZLQGRZDURXQG7KHUHPDUNDEOHHIILFLHQF\DQGVHOHFWLYLW\IRU+J,,DW
S+FDQEHDVFULEHGWRWKHDELOLW\RIWKHFDWLRQWRIRUPVWDEOHFRPSOH[HV
ZLWKORZFRRUGLQDWLRQQXPEHUV
%RWKK\EULGV\VWHPVSUHVHQWGHWHFWLRQOLPLWV rSSEIRU
01$DQGrSSEIRU01$WKDWOLHIDUEHORZWKHSSEOLPLW
Summary and conclusions. 

ZKLFK LV WKH PD[LPXP SHUPLWWHG +J,, DPRXQW LQ GULQNLQJ ZDWHU
IROORZLQJWKH86$(QYLURQPHQWDO3URWHFWLRQ$JHQF\(3$FULWHULRQ
)LQDOO\ WKHJHOLILFDWLRQ WKDWRFFXUVZKHQ WKHS+ LVEURXJKW WR
SHUPLWV WKH UHFRYHU\ RI WKH QDQRSDUWLFOHV E\ D VLPSOH FHQWULIXJDWLRQ
SURFHGXUHZKLFKSHUPLWVWKHXVHRIWKHK\EULGFKHPRVHQVRUVHYHUDOWLPHV
&21&/86,21  %RHKPLWH QDQRSDUWLFOHV ZHUH PRGLILHG ZLWK
'73$ DQG'2$PRLHWLHV DQG (X,,, 7E,,, DQG*G,,, FRPSOH[HV
ZHUHIRUPHGIRUERWKRIWKHP7KHK\EULGV\VWHPVZHUHDEOHWRFRPSOH[
ODQWKDQLGH LRQV LQ DTXHRXV VROXWLRQ PDLQWDLQLQJ WKH WKHUPRG\QDPLF
VWDELOLW\H[KLELWHGE\WKHLVRODWHGRUJDQLFFRPSOH[HVE\WKHPVHOYHV
7KHELJTXDQWLW\RIODQWKDQLGHFDWLRQVORFDWHGDWWKHVXUIDFHRIWKH
QDQRSDUWLFOHV LV D JRRG H[DPSOH RI PXOWLYDOHQF\ DV WKH *G,,, K\EULG
QDQRSDUWLFOHVSURYLGHDPDJQLILFDWLRQRIWKHVLJQDOIRU05,ZKLFKFRXOG
EHXVHIXOWRLPDJHVPDOOVWUXFWXUHVVXFKDVFHOOV105'SURILOHVVKRZHG
WKH W\SLFDO KXPS DW KLJKILHOGV RI VORZO\ URWDWLQJ V\VWHPV ZKLOH 2
WUDQVYHUVH UHOD[DWLRQ UDWHV UHIOHFW D IDVW ZDWHU H[FKDQJH SURFHVV 6PDOO
DJJUHJDWHVZHUHIRUPHGGXULQJWKHPHDVXUHPHQWV7KHUHIRUHVRPHH[WUD
ZRUNFDQEHGRQHLQRUGHUWRDYRLGWKHPDQGREWDLQHYHQEHWWHUUHOD[LYLW\
YDOXHV
:H KDYH DOVR HYDOXDWHG WKH RSWLFDO SURSHUWLHV RI WKH (X,,, DQG
7E,,, FRPSOH[HV LQ KXPDQ +H/D FHOOV &RQIRFDO ODVHU VFDQQLQJ
PLFURVFRS\VKRZHGWKDWWKHQDQRSDUWLFOHVZHUHWDNHQXSDQGORFDOL]HGDOO
RYHU WKH F\WRSODVP RI WKH FHOOV )ORZ F\WRPHWU\ DQDO\VLV UHYHDOHG WKDW
QHLWKHUWKHLVRODWHGQDQRSDUWLFOHVQRUWKHPRGLILHGRQHVSURGXFHFHOOXODU
WR[LFLW\
Capítulo 10. 

&21&/86,21  %RHKPLWH DQG ERHKPLWHVLOLFD QDQRSDUWLFOHV
ZHUH PRGLILHG ZLWK RUJDQLF PROHFXOHV FRQWDLQLQJ HLWKHU D VTXDUDPLGH
IXQFWLRQDOLW\RU DTXDWHUQLVHG DPLQRJURXSRU D FRPELQDWLRQRIERWKRI
WKHP
7KHVLJQDOOLQJRIDQLRQELQGLQJKDVEHHQSHUIRUPHGE\PHDQVRIDQ
LQGLFDWRUGLVSODFHPHQWDVVD\,'$XVLQJ%URPRFUHVRO*UHHQ%*DVWKH
G\H7KHFRORXUFKDQJHIURP\HOORZWREOXHLVGXHWRWKHGHSURWRQDWLRQRI
WKHSKHQROLFXQLWRI%* WRJLYHDGLDQLRQLF VHPLTXLQRQHZLWKH[WHQGHG
FRQMXJDWLRQ DEOH WR EH UHFRJQL]HG E\ WKH VTXDUDPLGH UHFHSWRU$OO WKH
VWXGLHVZHUHGRQHLQDFHWLFEXIIHUVROXWLRQPDLQWDLQLQJWKHS+DW
)URP WKH UHVXOWVREWDLQHGZHKDYHSURYHG WKDW WKHDWWDFKPHQWRI
WKHVHPROHFXODU FRPSRQHQWV WR WKH QDQRSDUWLFOHV OHDGV WR V\VWHPVZLWK
UHSURGXFLEOH UHVSRQVHV DQG ORQJ GXUDELOLW\ IRU VHOHFWLYHO\ ELQGLQJ RI
VXOSKDWH DQLRQV LQ SXUH ZDWHU ZKLFK LV D FKDOOHQJLQJ JRDO LQ
VXSUDPROHFXODUDQDO\WLFDOFKHPLVWU\7KHHIIHFWLYHUHFRJQLWLRQRIVXOSKDWH
RYHUSKRVSKDWHDQGPRQRYDOHQWKDOLGHDQLRQVLQSXUHZDWHULVEDVHGRQWKH
S+ FKRRVHG WR FDUU\ RXW WKH H[SHULPHQWV VLQFH DW DFLGLF S+ YDOXHV
SKRVSKDWH DQLRQV H[LVW LQ WKHLU GLSURWRQDWHG PRQRYDOHQW +32 IRUP
ZKHUHDVVXOSKDWHVWLOOSHUVLVWVLQVROXWLRQDVWKHGLYDOHQW62DQLRQGXHWR
LWVKLJKHUDFLGLW\7KHVDPHDSSOLHVIRUWKHGLVFULPLQDWLRQRIDQLRQVGHULYHG
IURPFDUER[\OLFDFLGV
$OWKRXJKVRPHGHWHFWLRQZDVREVHUYHGDOVRIRUSKRVSKDWHLWVH[WHQW
ZDVORZHULQGLFDWLQJDQLPSRUWDQWGHJUHHRIVHOHFWLYLW\IRUVXOSKDWHRYHU
SKRVSKDWHXQGHUWKHFRQGLWLRQVRIWKHH[SHULPHQW
,WKDVWREHHPSKDVL]HGWKDWQHLWKHUDQ\RQHRIWKHWZRFRPSRQHQW
HOHPHQWV LQGLYLGXDOO\ WKH TXDWHUQLVHG DPPRQLXP JURXS DQG WKH
Summary and conclusions. 

VTXDUDPLGHIXQFWLRQQRUDFRPELQDWLRQRIWKHPOHDGLQWKHDEVHQFHRIWKH
QDQRSDUWLFOHV WR DQ\ VLJQLILFDQW LQWHUDFWLRQ ZLWK WKHVH DQLRQV LQ SXUH
ZDWHU7KHVDPHVLWXDWLRQRFFXUVZLWKWKHQDQRSDUWLFOHVWKDWZHUHPRGLILHG
ZLWKDVLQJOHDPPRQLXPJURXS:KHUHDVWKHVXOSKDWHUHFRJQLWLRQE\RQO\
RQH DPPRQLXP JURXS LV FRPSOHWHO\ LPSRVVLEOH LQ ZDWHU WKH DPLQR
PRGLILHGQDQRSDUWLFOHVZHUHDEOH WRGHWHFWVXOSKDWHDQGRWKHUDQLRQV LQ
ZDWHUDWS+
7KHUHIRUH WKH SDUWLFOHV DUH QRW LQQRFHQW REVHUYHUV LQ WKH K\EULG
V\VWHPV EXW WKH\ SOD\ D UROH LQ RUJDQL]LQJ DQG SUHFRQFHQWUDWLQJ WKH
UHFHSWRUPROHFXOHVIDYRXULQJOLNHO\WKHGHVROYDWLRQRIWKHSDUWQHUVSHFLHV
&21&/86,21%RHKPLWHQDQRSDUWLFOHVZHUHPRGLILHGLQRUGHU
WR REWDLQ D VHULHV RI QHZ FKHPRVHQVRUV FRQWDLQLQJ OLQHDO RU WULSRGDO
SRO\DPLQHVDVDUHFHSWRUXQLWDQGS\UHQHDVWKHVLJQDOOLQJXQLW
:H KDYH VWXGLHG WKH SKRWRSK\VLFDO SURSHUWLHV RI WKH PDWHULDOV
SUHSDUHGZKHQWKHOLJDQGLVVXSSRUWHGLQWKHERHKPLWHVXUIDFHDQGDOVRZH
KDYHV\QWKHWL]HGWKHOLJDQGVXQVXSSRUWHGIRUVWXG\LQJWKHPLQVROXWLRQ
7KHPD[LPXPIOXRUHVFHQFHHPLVVLRQLVDFKLHYHGDWDFLGLFS+ZKHQ
WKHDPLQRJURXSVDUHIXOO\SURWRQDWHG$QLQFUHPHQWRIWKHS+LVWUDQVODWHG
LQDTXHQFKLQJHIIHFWLQWKHLQWHQVLW\RIIOXRUHVFHQFHGXHWRDQHIILFLHQW
HOHFWURQWUDQVIHUIURPWKHORQHSDLUVVLWXDWHGLQWKHXQSURWRQDWHGDPLQHVWR
WKHDURPDWLFH[FLWHGVWDWH
$IWHU WKDW WKH K\EULG V\VWHPVZHUH HPSOR\HG LQ WKH GHWHFWLRQ RI
LRGLGH LQ DTXHRXV VROXWLRQ )URP TXDQWXP \LHOG OLIHWLPH DQG 6WHUQ
9ROPHU PHDVXUHPHQWV LW FDQ EH FRQFOXGHG WKDW VHOHFWLYH IOXRUHVFHQFH
VHQVLQJ V\VWHPV IRU LRGLGH LQ D ZLGH S+ UDQJH KDYH EHHQ VXFFHVVIXOO\
Capítulo 10. 

GHYHORSHGE\HPSOR\LQJDIOXRUHVFHQFHFROOLVLRQDOTXHQFKLQJ$OVRLWKDV
EHHQREVHUYHGWKDWWKHWRSRORJ\RIWKHSRO\DPLQHFKDLQSOD\VDUROHLQWKH
LRGLGH UHFRJQLWLRQ ,Q WKLV VHQVH WKH K\EULG V\VWHP FRQWDLQLQJ WULSRGDO
SRO\DPLQHZDVWKHPRVWHIILFLHQWFKHPRVHQVRU
,QDGGLWLRQQHLWKHUVROXWLRQVRIWKHIUHHPROHFXOHVQRUVROXWLRQVRI
WKH VXSSRUWHG PDWHULDOV VKRZ H[FLPHU HPLVVLRQ EHLQJ WKH VLJQDO
PHFKDQLVP WKH PRQRPHU HPLVVLRQ :H KDYH REVHUYHG MXVW WKDW WKH
GHWHFWLRQOLPLWLVORZHULQWKHVXSSRUWHGPDWHULDO
$OWKRXJK LW ZDV QRW SRVVLEOH WR REVHUYH DQ HQKDQFHPHQW LQ WKH
UHVSRQVHRI WKH VXSSRUWHGPDWHULDOVFRPSDUHGZLWK WKH IUHH OLJDQGV WKH
SRVVLELOLW\WRUHFRYHUWKHIXQFWLRQDOL]HGQDQRSDUWLFOHVE\FHQWULIXJDWLRQRU
WKH SRVVLELOLW\ WR ILOO D FROXPQZLWK WKH QDQRSDUWLFOHV WR UHPRYH LRGLGH
DQLRQV IURPZDWHUPDNHV WKHVH V\VWHPV DQ LPSRUWDQW DOWHUQDWLYH LQ WKH
ILHOGRIFKHPRVHQVLQJLRGLGHLQZDWHU
&21&/86,21)LQDOO\ERHKPLWHKDVHPHUJHGDVDSURPLVLQJ
SODWIRUPWRDIIRUGWKHGHVLJQRIFKHPRVHQVRUVDEOHWRDFWLQDZLGHYDULHW\
RI DSSOLFDWLRQV HQFRPSDVVLQJ IURP LRQ UHFRJQLWLRQ LQZDWHU WR FRQWUDVW
DJHQWV7KHFRPELQDWLRQRILQHUWQHVVKLJKVWDELOLW\DQGORZWR[LFLW\HDV\
V\QWKHVLV YHU\ ODUJH VXUIDFH DUHD ZHOO HVWDEOLVKHG VXUIDFH
IXQFWLRQDOL]DWLRQJHQHUDOO\WKURXJKVLODQHOLQNDJHVDQGWXQDEOHVWDELOLW\
JRLQJIURPDVROWRDJHOGHSHQGLQJRQWKHS+RIWKHDTXHRXVVROXWLRQ
SURYLGH ERHKPLWH QDQRSDUWLFOHVZLWK XQLTXH DWWULEXWHV WR EH XVHG DV DQ
LPSRUWDQWDOWHUQDWLYHLQWKHGHVLJQRIOXPLQHVFHQWK\EULGRUJDQLFLQRUJDQLF
QDQRVWUXFWXUHGPDWHULDOV
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